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Introduction

Progress in digital and industrial technologies, including in space, shape all sedioes of
economy and society. They transform the way industry develops, produces new products and
services, and are central to any sustainable future. The CO¥iisis of 2020 has shown the
necessity to strengthen Eu rlienpesadddlexibilitybottsin r i a l
terms of technologies and supply chains to reduce EU dependencies on third countries. It has
also created a new urgency around addressing key societal challenges like sustainability or
inclusiveness. In a globalised world loeightened uncertainties and volatile geopolitical
interests, what is at stake is not only Eur:«
also its ability to autonomously source and provide crucial raw materials, technologies and
services that arsafe and secure for industry as a whole. This is not about protectionism. This

i s about upholding EUG6s strategic interests.

As Europe gears up for a more resilient, green, and digital recovery, the EU needs to maintain

a strong industrial and technologgepence in key parts of digital and other supply chains, in
industrial ecosystems while safeguarding its ability to access and operate safely in space. This

is critical not only to be able to compete globally, but also to protect its citizens, deliveeserv

and products of the highest quality, and preserve its values aneesociomic model. To come

out of the crisis faster, it will not only need to develop, but also deploy technologies and reshape

its industries and services towards a new reality, ramguthat industry can become the
accelerator and enabler of this change, as s
Strategy for Europed supporting the Green De
Pl an, digital sotpreadtse gDiegsi téad h aFpuitnugr eBu,r 6 Dat ab
Paper and OSpace Strategy for Europed . To
according to European values, Europe must master digital, space and key enabling technologies
and reintegate some of its supply chains into the EU. Increased adaptability and resilience to
improve production response, recovery and preparedness will also include continuous
investments in upskilling and reskilling of the work force.

The green transition andgiial transformation are just at their beginning. Major opportunities

lie ahead to position Europe as a technology and industrial leader of this transition. The
overarching vision behind the proposed investments under Cluster 4 is that of Europe shaping
competitive and trusted technologies for a European industry with global leadership in key
areas, enabling production and consumption to respect the boundaries of our planet, and
maximising the benefits for all parts of society in the variety of social,cecmmand territorial
contexts in Europe.

Actions under this cluster will support key enabling technologies that are strategically important
for Europeds industrial future, and deliver
Plan, throughmatching destinations in this Work Progrmram

A Global leadership in clean and climateutral industrial value chains, circular
economy and climataeutral digital systems and infrastructures (networks, data
centres), through innovative production and nfacturing processes and their
digitisation, new business models, sustaindiylelesign advanced materials and
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technologies enabling the switch to decarbonisation in all major emitting industrial
sectors, including green digital technologies.

Industrial leaership and increased autonomy in key strategic value chains with
security of supply in raw materials, achieved through breakthrough technologies in
areas of industrial alliances, dynamic industrial innovation ecosystems and
advanced solutions for substitin, resource and energy efficiency, effective reuse
and recycling and clean primary production of raw materials, including critical raw
materials.

Sovereignty in digital technologies and in future emerging enabling technologies by
strengthening Europearapacities in key parts of digital and future supply chains,
allowing agile responses to urgent needs, and by investing in early discovery and
industrial uptake of new technologies.

Globally attractive, secure and dynamic datgle economy by developingnd
enabling the uptake of the neygneration computing and data technologies and
infrastructures (including space infrastructure and data), enabling the European
single market for data with the corresponding data spaces and a trustworthy artificial
intelligence ecosystem.

Strategic autonomy igonceiving,developing, deploying and using global space

based infrastructures, services, applications and matading by reinforcing the

EU6s independent <capacity to acygferss spa
critical technologies and equipmenand fosteringthe EUG space sector
competitiveness.

A humancentred and ethical development of digital and industrial technologies,
through a tweway engagement in the development of technologies, empowering
endusers and workers, and supporting social innovation.
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DESTINATION 1171 Climate neutral, circular and digitised production
TWIN -TRANSITION -2021-2022

This Destination foucuses on the twin green
constructiorand process industries.

Manufacturing and Constructidndustries

Thegross added value of the European manufacturing se@&tiR<2,076billion (2019). The
sector employs more than 30 million peopl e i
manufacturing outpuff he Uni ondés trade sur pgUR421bilion manuf
(2019). Similarly, the construction sector (driven mainly by SM&ffers 18 million jobs and
contributes to 9% of the Uniondés GDP.

However, the manufacturing and construction sectors must significantly redugeothdion

and waste and increaseheir recycling. Moreover, he potential of digital technologies is
underused irmanufacturingndustry, e.g. 12% of EU enterprises use big data technologies and
only 1 out of 5 SMEs is highly digitise@onstruction in particular remains one of the least
digitised sectors, with a notable underinvestment in R&Rey issuefor the manufacturing
sector is that itsomplex supply and value chains are heavily affected by the current pandemic
crisis, andthe sectorneed to further develop resilience against fica@ and technical
disruptions.

This destination will therefore u pport t he Unionds manufacturi
the twin green and digital transition. It will help sesectos increase productivity, innovation
capacity, resilience and global competitiveness. It will ledtbkible, responsive and rdigint

factories and value chains, enabled by digitisation, Al, data sharing, advanced robotics and
modular manufacturinght the same time it will help reduce CO2 emissions and wastesa the
sectos, and enhance the durability, reparability an@yeling of products/componenisthat

is, circular economy approach at the design phase. A further, crucial objectiveakeaahe

jobs of the humans working in the manufacturing and construction sectors more attractive and
safer, and point the way to opportues for upskilling.

Process Industries

The Uniondés process industry is hugely i mp:
environmental credentials, but faces two key challenges: a strong global pressure (e.g. China,
USA), andan environmental chatinge Process industries are by nature resource intensive,

using huge amounts of raw materials, often imported fossil based ones. In their operations, they
generate large amounts of wagieeenhouse gases (GH&)dpollutats The sector needs to
transformitself to decrease GHG and pollutant emissidasesource utilisation and its overall
environmental impact. It will have to achieve climate neutrality, near zero waste, zero pollution

and zero landfill by 2050 at the latest.

As with the manufacturingnd construction sectors, this de
process industry in its twin green and digital transition. Key developments to be pursued are
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1 Hubs for circularity, as a stepping stone towards climate neutrality and circularity in
industy (in particularat least 10 new hubs for circularity by 2025, providing large scale
demonstration platforms at TRL 7 and above);

1 A circular utilisation of waste streams and CO2/CO streams, turning waste into a
resource and giving access to alternatieedstocks to replace fossil based raw
materials. To make process industries more sustainable, it is critical to reduce resource
utilisation as well as waste and emissions generation; and

1 Electrification and a switch to renewable energy systems.

This destimtion will directly support the following Key Strategic Orientations, as outlined in
the Strategic Plan:

1 A, Prototing an open strategic autonomy by leading the development of key
digital, enabling and emerging technologies, sectors and value chatesacelerate
and steer the digital and green transitions through hwgeatted technologies and
i nnovations. 0

1 C,Making Europe the first digitally led circular, climate -neutral and sustainable
economy through the transformation of its mobility, energy, camsion and
production systems. 0

Proposals for topics under this Destinatstiouldset out arediblepathway to contributing to
the followingexpectedmpact

Global leadership in clean and climateneutral industrial value chains, circular
economy andclimate-neutral digital systems and infrastructures (networks, data
centres), through innovative production and manufacturing processes and their
digitisation, new business models, sustaindiyielesign advanced materials and
technologies enabling the sefit to decarbonisation in all major emitting industrial
sectors, including green digital technologies.

This Destination is structured into the following sections:

Green, flexible and advanced manufacturing

Advanced digital technologies for manufacturing

A new way to build, accelerating disruptive change in construction

Hubs for circularity, a stepping stone towards climate neutrality and circularity in
industry

1 Enabling circularity of resources in the process industries, including waste, water and
CO2/CO

1 Integration of Renewables and Electrification in process industry

= =4 =4 =4

The following call(s) in this Work Programme contribute to this Destination:
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The Destination structure and the allocation of topics to calls and year
will be decided at a later stage.
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Section: Green, flexible and advanced manufacturing

[Expected impacts addressed#15 (Green), 20 (Humaricentred)

Objectives for 2030 Increase resilience and global competitiveness of European manufacturing
companies, througmore efficient, versatilegffective and participatory production processesile
reducing CO2 emissions and waste ending up in landfills, and material use by increasing dueability,
use/repair/reananufacturing/recycling of products/components.

Current status

1 The added value dhe European manufacturing sector is EUR 2076 billion (2019), and employs
directly more than 30 million people in Europe. Surplus in trade of manufactured products is 286
billion euro (2018).

1 Its complex supply and value chains are heavily affected bgutient pandemic crisis, and need
to further develop resilience against financial and technical disruptions and restraints to trade.

1 Furthermore, the sector has the potential to significantly reduce its pollution and productien of by
products and waste namial. Currently, the sector emits 0.45 Gt (million tonnes, 2017) and 0.71 Gt
(billion tonnes, 2017) ends up in landfills. Roughly 9% of material processed by European industry
is recycled material (0.72 out of 7.98 Gt, 2017).

1 A growing but still small pdion of the products are remanufactured or upgraded. There is a huge
potential to increase European competitiveness and at the same time heavily reduce environmental
impact by regaining the functions of the products with circular remanufacturing approaches

Achievements sought / targets

91 Developingzerodefect and zerdowntime highprecision manufacturing technologies, realised by
new Al-assisted predictive maintenance, quality control anddastructive inspection methods;

1 Realising flexible, responsiveand resilient factories, enabled by advanced robotics and
mechatronics, modular manufacturing, lasased and other advanced production processes,
application of new Artificial Intelligence technologies, and correct and reliable catgpendent
data cdlection;

1 Achieving more efficient, sustainable, resilient and responsive supply chains, including flexible
processes and supply networks, by fostering traceability of supply chains in order to enable quality
assurance and control;

9 Sustainabldoy-design, hrough reduction of material use, facilitated repair, remanufacturing, easy
and efficient dismantling of elements, replacement of scarce or hazardous materials by advanced
materials, and use of alternative, fieendly materials including biopolymers aother biobased
materials like fibetbased materilas (e.g. cellulesased components);

1 Adopting circular economy practices through a systemic approach. At the design phase, products
have to be manufactured in a way that minimise consumption of resoureegy/(anaterials, water,
etc.) during their manufacturing but also during their use. They should also be designed so as to lead
to increasede-use/repair/remanufacturing/recycling of products/components, enabled by solutions
for new methods for reversedistics and waste sorting, and technology development for product
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tracing throughout supply chains. The use of the environmental footprint method with its related
economic/social impact is further expanded.

Means/linkss Thi s &éori ent at ietamgelyfimplementedghroagh the-pmigranimed b
partnership Made in Europe.

There are links with other partnerships, such as Al, Data, and Robotics, Key Digital Technologies, and
Photonics, with the EIT Manufacturing and EIT Digital KICs, with the Mature European
Technology Platform, with the Digital Europe Programme, e.g. related to manufacturing data spaces
and Al testing and experimentation facilities for smart manufacturing, and with the thematic smart
specialisation platform on Industrial Modésation.

Means/linkss Thi s O6ori entation for topi csd -pwogranmedbe |
partnership Made in Europe.]

Proposals are invited against the following topic(s):

TWIN -TRANSITION -01-2021: Circular by design manufacturing (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate viability of circular production models by
o manufacturing addedalue products with fewer resources
o developing innovative product recovery approaches
o advancing euse and renanufacturing methods and technologies
o0 addressing the whole supply chain and{ifee of products
0 introduce new business models where necessary
1 Reduce the environmental impact of products thanks to advances in energy and
resources efficient manufacturing and dismantling strategies. This should be
supported by integrated tracking and tracing systems allowing to recognize the
circular by design appech at the level of recycling at the EOL.
1 Widen adoption of circular approaches to production throughout the
manufacturing industry by establishing links and cooperation across projects,
networks and platforms

Scope One of the top priorities of the Eypean Commission is the Green Deal, which aims at
transforming Europe in a climatesutral continent by 2050. The development of a true
circular economy is a fundamental enabler to achieve this goal.

Europeds Circul ar Ec on o myaindbte pprodoats the hoamin tlhei ms
EU, with a special focus on the sectors that use most resources and where the potential for
circularity is high such as: electronics and ICT; batteries and vehicles; packaging; plastics;
textiles; construction and buildisgfood; water and nutrients.

Up t o 80 % of products®o environment al

face sustainability and fl exibil i-makeusehal | en
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di sposeo i s no Ismeedte e cdneeiaes,idésigreed angpmaouthctuwred in a
modular way to enable circular economy.

Research activities should be muisciplinary, address all of the following areas and
demonstrate the targeted benefits in at least three use cases:

1 Methodolgies to design products and components fit for a circular economy through
iterative machindearningassisted design processes that allow for rapid prototyping
and testing.

1 Solutions to optimise the design process experiences from existing productsrang run
production processes should be taken into account,

1 Machine learning techniques to analyse Big Data coming from existing products and
processes with a view to reuse resources as well as semantic techniques to integrate
human experiences or combinatiinboth should be investigated.

1 Advancement of production solutions exploiting latest results from underlying
technologies (e.g. laskased production, additive manufacturing, {u@structive
inspection and classification methods, machine learningéaligtive quality, robotics)
to

0 minimize waste during production

0 enable fast manufacturing, modular assembly and configuration

o0 establish effective disassembly/separation of used products and recovery of
materials

1 Generation and validation of new businessdels to improve economic viability of
closedloop life cycles, which make use of the systemic approaches for product life
cycle management involving all relevant actors in the supply chain.

Proposals submitted under this topic should include actiongrasbsto facilitate cooperation
with other projects; to enhance user involvement; and to ensure the accessibility and reusability
of data produced in the course of the project.

TWIN -TRANSITION -02-2021: Al enhanced robotics system for smart manufacturing
(1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate, through at least three lasgale pilots, significant improvements
towards a meaningful and seamless collaboration between human workers and
autonomousagents and between robots by exploiting latest advancements in
robotics, in particular advancedgnitive and physical capabilities.

1 Provide solutions highly flexible, reconfigurable and modular, allowing fast
response to changes in production requirements

1 Create a network of opearccess pilots to allow new users, especially-sastand
SMEs, to experiment new technologies and to enable knowledge sharing through
the European industrial ecosystem.
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Scope Europe needs to strengthen its capacity to maturiagoods in a sustainable and
competitive way. The recent crisis has also shown the importance of resilient, flexible,
reconfigurable and responsive manufacturing lines that can switch production within a matter
of hours.

Projects should seize the oppmities arising from Al and robotics latest developments to
deploy intelligent and autonomous systems for flexible production.

Research activities should be muisciplinary and address all of the following areas:

1 Implement and integrate the latessearch findings on technologies such as Al,
sensors, actuators, control, edge computing, haptic technologies and robotics to
enhance collaborative robotics systems to develop advanced smart manufacturing
collaborative systems ensuring safe physical andalsoteractions and efficient
collaboration with human workers.

1 Demonstrate complex, safe and efficient interactions between multiple agents
simultaneously, e.g. humans, industrial machinery, AGVs and cobots.

1 Social Sciences and Humanities (SSH) shoubdide a humaitentric approach to
increase user experience, comfort, trust, safety of workers in the highly automated
industrial environment. A plan for egkilling, training workers is essential to
increase acceptance.

1 Demonstrate results in at least 3lustrial usecases, targeting sectors and tasks
typically difficult to automate.

1 Projects are encouraged to seek collaboration with regional and national initiatives
(e.g. DIHs, S3P) to extend impact beyond their life.

Proposals submitted under this toplwuld include actions designed to facilitate cooperation
with other projects; to enhance user involvement; and to ensure the accessibility and reusability
of data produced in the course of the project.

TWIN -TRANSITION -03-2021: Zerodefect manufacturing towards zerowaste (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate a significant increase of sustainable production andlestmctive
inspection methods.

1 Methodologies and tools shall be developed &®vent the generation of defects at
component level and its propagation to the system level.

Scope The projects must address the full system with the aim of reducing defects. The defect
reduction and the overall quality control should be centred on stettslthat reduce the yield,
acceptance, or qualification-timefri ghe of pmaldup
process.

Projects should target types of waste or discarded material from identified defective products
or components that cannot be easily reworked or recycled without significant effort. This
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implies a demonstrable transition to a sustainable production, anthaade additional
elements such as lHeycle analyses and environmental assessments.

The system improvements should also contain two main elements:

1 The integration of ifine nondestructive inspection methods that enable for rapid
feedback control

1 The wse of large data sets, stemming from all sorts of production process and material
data, for the creation of comprehensive machine learning algorithms

Finally, the projects should provide solutions for transfer of the developed technologies to other
industial applications and areas, as well as contributions to standardisation.

TWIN -TRANSITION -04-2021: Laserbased technologies for green manufacturing (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Reinforcing Europea industry as leader in agile, green manufacturing through the
application of lasebased technologies;

1 improving the agility of industrial production by making processes more versatile,
simpler to reconfigure and more efficient to control through dathasge;

T i mproving the environmental sustatmeabi it
rightd processes with 30% | ower consumpt.
art.

Scope Machine tools include various ladeased technologies sucts anilling, turning,
grinding, laser processing, surface treatment, forming and additive manufacturing. Projects
funded under this topic should integrate stat¢he-art highpower lasers and tailored beams
together with quality sensors and real time nanmiy systems into advanced manufacturing
and remanufacturing tools.

Known research challenges are amongst others the transmission of very high average and peak
power laser radiation without loss or distortion including in the ultraviolet, mid and faradf

spectral range, powerful optical fibres, programmable beam guidance, maximum positional
flexibility, free choice of energy distribution, rapid quantitative feedback and beam distribution
systems with suimicrometre resolution and high performancduher research challenge is

the integration of quality sensors in lag@sed manufacturing. These produce a vast amount

of data with a need for dedicated signal processing. Edge devices witmaseiiig algorithms

should be developed that can hantile computing requirements.

Project consortia should comprise research institutes, technology suppliers and users. They
should demonstrate the benefits to the targeted technologies in at least three use cases.
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TWIN -TRANSITION -05-2021: Industrial Internet for distributed control and modular
manufacturing (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 establishing European industry as leader in sustainable manufacturing and process
industries through efficient dataqeessing within and across the supply chain;

1 improving the environmental, economic and social sustainability of industrial
production;

1 Achieving more efficient and responsive supply chains, and improving the agility of
European industry and its resilientwyexternal shocks;

1 integrating stat®f-the-art industrial internet technologies with advanced
manufacturing and reanufacturing technologies and systems, exploiting their
potential across the entire product lifecycle.

Scope Factory automation and lagics approachésin synergy with the role of humans in the
factoryi are evolving rapidly, not least through advances in connectivity, data analytics and
cognitive approaches. Succesful digital transformation depends on the ability to systemically
integrate and upgrade operational technology to the innovative developments # (self
configuration, such as the administrative shell, simulation and modelling (digital twins), real
time monitoring, data processing, decisioaking, therefore building a flexiblindustrial
Internet for distributed control and modular manufacturing while keeping theldvgh of
reliability and safety required by the manufacturing sector. Projects in this topic will develop
modular systems and technologies for flexible andiligid control, to be integrated in a
systemic approach and deployed from machine level up to supply chain level.

TWIN -TRANSITION -06-2021: Engineering support tools for sustainable production
(RIA)

Expected outcomesProjects are expected to contribugelte following outcomes:

1 Provide a range of support solutions for engineers, technicians and operators on the
factory floor, in order to build an agile and responsive production environment.

1 Increase the productivity of a production line while maintairdrtgansition towards a
more sustainable production model in line with green policy goals.

1 Reduce the skills and knowledge gap for the actors involved.

Scope The transition towards a responsible and sustainable production requires a holistic and
full system overview of the entire production line. In order to respond to changes in business
models and reorganisation of production lines, new support tools will be needed to help actors,
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such as engineers, technicians and operators, to make decisions reldedooception,
control, and verification of the production operation.

Another challenge that falls within this scope is the human dimension. The support tools need
to work with the user, and training, knowledge transfer, cognitive interfaces, as well as
acceptance and uptake will be vital in the solutions proposed.

The project should cover all of the following aspects:

1 The development of completely new support tools for decision making and control,
including elements such as hurmaachine interfaces aryberphysical systems

1 The inclusion and handling of retaine production data in analysis software and tools

1 Demonstration of the support tools in a production environment with a clear target of
improving quality and sustainability

1 Training and qualificadn for the users, which need to include a strategy for acceptance
and uptake of the tools in a relevant environment.

TWIN -TRANSITION -07-2021: Biomaterialtbased manufacturing (RIA)

Expected outcomesProjects are expected to contribute to the followingames:

1 Demonstrate largscale production of innovative blmased products to substitute
traditional materials with high environmental footprint. Products should have
similar or better mechanical, physical and chemical properties, while beirg non
toxic, biocompostable and biodegradable in an environmentally friendly and
resourcesaving way.

1 Demonstrate disruptive innovation of biomatebaked manufacturing in three
manufacturing sectors

ScopeEur opeds Circul ar Economy nableprodacts thérioraan  ai m
in the EU. Twentyfirst centurymanufacturingequires new materials and new techniques to
produce them. Rapid progress in biomanufacturing is one of the drivers of this trend. This new
frontier of science is a multidisciplinary essch field combining engineering, biology,

genetics, material science, which allow the production of biobased products startinglfspm
moleculesor extracellular matricedParticularly interesting with respect to the green transition

of the economyre biodiesel, bioplastics, extracellular polymeric substance, biosurfactants and

other value added bioproducts produced exploiting €fuestration mechanism in bacteria.

These technologies providevalid alternativdo synthetic materials with a substally lower
environmental impact with a range of applications for example in construction, food and fashion
industries. However, the use of compostable, biodegradable materials should increase
substantially in order to build a truly sustainable manufaggundustry.

Research activities should address the following areas:
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1 Optimisation and improvement of smart manufacturing processes, e.g. additive
manufacturing, to unlock the full potential of Hiased materials, such as carbon
positive bioplastics, bpolymers and other fibdrased materials (e.g. cellulese
based components and marlmesed components);

1 Use of carbon positive bibased materials, such as composite, rubber, plastics, in
different products to achieve high technical properties while logethe
environmental footprint.

TWIN -TRANSITION -08-2022: Rapid reconfigurable production process chains (I1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate multiple reconfigurable manufacturing processe®ng or more
production lines that are running medium to high volume manufacturing.

1 Achieve a reconfiguration time, which includes all steps between stopping a production,
reconfiguration of the individual production steps, requalification, and rampibtgaip
full production speed, below 48 hours.

1 Present protocols for best practices in rapid reconfiguration applicable not only for the
products and sectors present in the project, but also transferable to other sectors and
application areas.

Scope In timesof disrupted supply chains or rapidly changing customer demands, production
lines will need be built flexible enough to be able to handle these variations. Rapid
reconfiguration technologies, below 48 hours, will enable industries with many production
process steps to maintain a resilience against sudden shocks in ordering and/or supplies.

The projects should address reconfiguration of production lines in which the lines are running
at medium or high volume manufacturing rates (MVM and HVM respectiveig) jreclude a
variety of production steps, such as cleaning, forming, thermal treatments, cutting, joining,
painting, assembly, etc.

The reconfiguration should be ambitious to the extent that the change addresses a new customer
base, or drastically changge original supply chain.

Projects should also include protocols for the reconfiguration that can be applicable also outside
the sectors active in the project, which would include taking into account any sector specific
gualification requirements (such akan room levels or certifications for sectors such as
medi cal and food). These protocol s as wel
perspective, including skills requirements and training.
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TWIN -TRANSITION -09-2022: Products with complex functionasurfaces (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 More efficient manufacturing processes for products with functional surfaces
1 Significant reduction of the environmental footprint for surface treatments

1 Market share increase for sustainable production processes focussed on complex,
functional surfaces

1 Uptake of treatment technologies in applications for a sustainable society, targeting
reductions in energy use and environmental footprint

Scope Surface treaments are an integral part of any manufacturing process. Surface treatments
include many disciplines, such as painting (spray, powder, etc.), plating (electroplating, vacuum
plating, etc.), thermal treatments (annealing, thectremical processes, etclyserbased
treatments (annealing, texturing, etc.), etching (wet etching, plasma/dry etching, also for
texturing).

While the integration of these treatment technologies into a manufacturing line has been well
reported, the technologies still need to baed for each particular profile. In addition, with
progressively more complex and customised requirements on shape, material and functionality,
the demands on efficient surface treatments are increasing. In a transition towards a sustainable
productionwith a lower environmental footprint, the demands are even higher.

The projects under this topic should address the following:

91 Develop new surface treatments specifically targeting and enablingreddcts with
the purpose of reducing the epdr o d u ergy siISage @nd/or environmental footprint.

1 Integrate the new surface treatments in a manufacturing line for profiles with complex
shape or multimaterial content, with clear metrics on its efficiency during operation

1 Develop new business models and straedor the uptake of these new technologies
and with clear objectives on how to expand the uptake to other sectors and other
applications.

TWIN -TRANSITION -10-2022: Smart sustainable production of complex products (RIA)

Expected outcomesProjects are exgeted to contribute to the following outcomes:

1 Manufacturing products with complex geometries, structure and materials reducing
material waste, energy consumption and defects.

1 Increase of productivity of complex products manufacturing while ensuring high
quality and minimising need of reworking
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1 Demonstration of significant improvement in several processes for manufacturing
complex products, such as joining, cutting/forming, assembly and finishing.

Scope:Products are increasingly complex, e.g. geometstesctures, embedded electronics,
micro-features, advanced muthaterials. Moreover, newer constraints are coming from
requirements of sustainability in production processes (resource and energy efficiency).

To enable the viable and sustainable manufaxguof these highiech products, innovative
advanced manufacturing processes should be developed. Digital models make development,
production, and operation of complex products manageable.

Proposal should cover research activities in the following areas:

1 Advancement of smart production technologies such as additive manufacturing and
laserbased manufacturing, intelligent and autonomous handling, shaping, assembly
technologies.

1 Functional printing to manufacture complex products, such-a®oid electronics
and printed electronics (e.g 3D printed, screen printed, etc) as a mechanism of
adding value to the mechanical components.

1 Use of novel sustainable and smart materials to achieve same or higher technical
features in products while reducing environmeintgdact.

1 Parallel product and manufacturing engineering, developing cyber physical systems,
e.g. digital twins, to manage complex productions.

TWIN -TRANSITION -11-2022: Excellence in distributed control and modular
manufacturing (RIA)

Expected outcomesPojects are expected to contribute to the following outcomes:

1 Significant advance in modular technologies for flexible manufacturing operations,
which respond to disrupted supply chains, or rapid changes in customer and societal
demands.

1 Transition of modwdr technology to sustainable production for varying batch sizes,
including single lots, with a clear integration of control strategies at different levels.

1 Improved understanding of how to handle agile manufacturing systems with modular
interfaces, includig quality assessments, environmental impact, energy use, and
business models.

Scope Modularity of a production system is crucial for flexibility and allow for varying the
production according to needs and circumstances by introducing, changing, anéghgemov
different process steps. While the concept of modularity is not new, there are still a vast range
of production steps that cannot be considered modular, and the ones that can be considered as
such are not necessarily apt for current demands nor toris@ered as a part of sustainable
production regimes.
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The projects under this topic need to address the following aspects:

1 Propose and develop new production modules that cover processes that are not currently
readily available on the market.

1 Create inteflaces based on op&ource protocols that allow for easily integration of
modules in existing lines and with other modules or production elements.

1 Introduce strategies on how to use modularity to reduce energy consumption and
environmental footprint, andethonstrate it in a relevant environment.

1 Explore business models that demonstrate the potential of the modular technologies to
be transferred from one specific manufacturing sector to several others.

TWIN -TRANSITION -12-2022: Intelligent work piecehandling in a full production line
(RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Advanced handling control systems of complex products in terms of shape, size,
material and stiffness

1 Develop highly flexible prodetion lines able to handle a variety of different
products and materials with high precision

1 Increase productivity by enabling fast and accurate movement of work pieces
through the production line, ensuring pisttime delivery and reducing downtime.

Scope The trends towards product customization have increased production complexity. To
maintain global leadership and competitiveness of European manufacturing industry, there is
need for flexible, reconfigurable and agile factories.

Products and componehaindling is an integral part of the manufacturing industry and its
optimization increases productivity while minimizing production costs and time. However,
today the number and type of objects that businesses have to work with is increasing, pushing
the cemand for innovative smart automated handling systems

Research activities should cover:

1 Development of innovative, storage, retrieval, conveying and-guickplace
systems using a muldisciplinary approach combining technologies such as
collaborative/atonomous assembly and logistics, smart conveyor belts, advanced
robotics, flexible and versatile grippers, IoT, mechanical and optical sensors, image
processing, simulation, modelling, data acquisition, data analytics and machine
learning.

1 Achieve a largedegree of flexibility and reconfigurability by ensuring
interoperability and usdriendliness of both hardware and software. The solutions
proposed should be able to handle different types of objects with a significant variety
of shape, size and materm@bperties.
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TWIN -TRANSITION -13-2022: Sustainable manufacturing close to the consumer (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

91 Design, develop and deploy symbiotic and sustainable factories that are fully
integrated in three densely populated urban districts.

1 Such districts should have public shared spaces and a public facade that offer
increased value for the larger community.

1 Holistic approach of spatial/physical planning in terms of energy, logistics and
transport services.

1 Reduction of noise, waste and pollution due to industrial activities integrated in the
urban tissue.

1 Reduction of urban spawl and enhanced land management.

Scope:Ci ties cover about 3% of the Eartithdés | a
greenhouse gas emissions. On top of that, cities are growing fast. In Europe, it is estimated that
by 2050 almost 85% of Europeans will be living in urban areas.

Handin-hand with the green and digital transformation of the economy, cities needtto shif
towards social inclusiveness, higher quality of life, greater levels of citizen action, theppick

of the circular and shared economy, larger commitments to climate adaptation and more
sustainable forms of transport.

Factories are typically located side cities because of their environmental impact and the
disruption of the urban landscape. However, with population growth and urbanization trends,

this approach has created massive traffic flow of workers from cities to production locations,
thusincreai ng t he pollution generated by mobil ity
traffic congestion and longer commuting time.

New technologies allow manufacturing activities to be quieter and more diSdreteffer the
possibility of implementingnanufacturing processes in the city, limiting time to reach the job
place for workers, bringing production closer to customers and consumers, promoting a more
efficient use of materials and urban resilience.

Research activities should cover:

1 Green and digal technologies that allow production in urban contexts with lower
environmental impact, noise, waste, energy and space consumption.

1 Approaches for the circular economy by closing the material and energy cycles in
cities and transforming waste streami® iproductive resources.

1 Activities for developing skills, include unemployed workforce, engage citizens and
other stakeholders.

1 Planning integration of the factories in their social and urban environment such as
urban transport, parking, shopping andeeéatinment centres and support to
families.
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Section: Advanced digital technologies for manufacturing

[Expected impacts addressed#15 (Green)

Objective: to increase productivity and innovation capacity of the manufacturing sector, to contribute
to making manufacturing greener, more digital, and more resilient, and to make the jobs of the humans
working in the manufacturing sector more attractive and safar smart application of digital
technologies.

Current status:

1T Gross added value of the European manufacturin
the worl doés maBUfuacadei sgr puttuitn manufactured

1 Potential of digital technologies is underused in industry, e.g. 12% of EU enterprises use big data
technologies, less than 7% use robots, less than 5% use 3D printing, etc. Only 1 out of 5 SMEs is
highly digitised. Data sharing among manufacturing congsaisi limited.

Achievements sought / targets

1 Increase digitalisation of manufacturing industry, using the potential of digital technologies to
improve innovation and productivity, leading to greener and more resilient production processes.
Industrial datas increasingly collected and shared by new sensors, fastdey communication
technologies, data platforms, -Absed analytics, and more. Technologies such as advanced
augmented or virtuakeality applications can lead to more productive maintenance and
reconfiguration of production machines. New we
dangerous environments. Innovative experiments supported by Digital Innovation Hubs improve
the digital maturity of manufacturing SMEs. The target by 2030 iscte@se the use of promising
digital technologies in industry by 30%.

1 Reinforce European leadership in manufactured goodsia increased labour productivity and an
enhanced capacity to innovate, thanks to digital technologies, including digital twins. Advanc
modelling and analysis tools support optimisation decisions in the design of products and processes,
and in process execution. For instance, advanced modelling, simulation, and analysis tools increase
the insights in product characteristics, resourcages asset features, supply chains, etc.
Accompanying optimisation and Al tools improve product durability, resource efficiency, asset
utilisation, supply chain resilience, etc. The target by 2030 is to increase EU manufacturing
sovereignty in strategic ge chains, maintaining a healthy trade surplus in manufactured goods.

1 Contribute to establishing Europe as a global leader in green manufacturing and more
resilient supply chainsby smart application of digital technologies. For instance, new methods and
technologies are developed to synchronise supply chain activities, realised by new platforms that
pool, analyse, and make available data from relevant sources across the chain, including reuse and
recycling data. Advanced, easily reconfigurable robots 3Ddprinting capabilities increase
flexibility and resilience of production processes. The target by 2030 is to establish the capabilities
to design, control, and operate significantly greener and more resilient key manufacturing processes.

1 Improve human-robot collaboration, in respect of fundamental rights of the industry workers,
including autonomy, privacy and naliscrimination.Develop technology which can be adapted to
workersod6 neebsevaehdpdteehspbtpwygy in parallel to

Part 99- Page32 of 386



Horizon Europe- Work programme 20212022
Digital, Industry and Space

Means/links This section will be largely implemented through thepocogrammed partnership Made

In Europe. In addition, there are links with other partnerships, such as Al, Data, and Robotics, Key
Digital Technologies, and Photonics, with the EIT Manufacgiand EIT Digital KICs, with the
Manuuture European Technology Platform, with the Digital Europe Programme, e.g. related to
manufacturing data spaces and Al testing and experimentation facilities for smart manufacturing, and
with the thematic smart spi@lisation platform on Industrial Modernisation.

There are |links with other sections, such as @i
sharing in the common European data spaceo, i S
ifiLeaBungpean Al based on trusto, ATomorrowds dep
and trustedo, AFrom Cloud to Edge to |l oT for Eu

clean and ciJrcul ar economyo.

Proposals are invited against foowing topic(s):

TWIN -TRANSITION -14-2022: ICT Innovation for Manufacturing Sustainability in
SMEs (14MS2) (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 making European manufacturing companies, especially SMBsnadcaps more
sustainable and resilient through the best use of digital technologies;

1 making jobs of humans working in the manufacturing sector safer and more attractive
for a diverse population of workers;

1 increasing innovation capacity, agility anaguctivity of the manufacturing sector, in
particular for SMEs and midaps;

1 increasing the competitiveness of SMEs and-aaids by reducing the entry barriers to
the use of advanced digital technologies, and transferring innovative solutions into the
wider manufacturing community.

Scope ICT Innovation for Manufacturing SMEs (14MS) is a successful European initiative
launched in 2013 and financed in 4 phases through the Horizon 2020 programme to support
manufacturing SMEs and mhps in the widespreade of ICT for their business operations.
[4MS2 builds on the past results adding a specific focus on sustainability.

In recent times, the Cowtl9 crisis demonstrated the key role of digital technologies in
responding quickly to external changes. Digittien improves resilience, agility and
competitiveness, and enables eefficient production in Europe. It will also support a radical
reduction of the environmental footprint of the sector. In this context, there is an urgent need
for SMEs and mietapsin the manufacturing sector to experiment with innovative and secure
digital technologies in their production processes, products and business models before
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adopting and investing in these. This will enhance manufacturing companies to successfully
managehe twin digital and green transformation of the coming years.

[4MS2 calls for Digital Innovation Hubs projects that will support European SMEs and mid
caps to innovate and make more sustainable their products, production processesses and
business modelthrough experimentation and testing. At least 50% of the budget should be
allocated to SMEs and mighps to participate in the experimentsThe proposals may include
financial support to third parties to finance SMEs and-caipls. Proposals should descrifbeit
complementarity to existing initiatives, namely the network of European Digital Innovation
Hubs, which is supported through the Digital Europe Programme. They should also indicate
how they will collaborate with European Digital Innovation Hubs.

Priority should be given to technologies that can:

1 improve the sustainability of processes and products, by reducing or reusing waste and
lowering the energy footprint;

1 develop new innovative and greener processes for fabrication, quality control and
integration;

1 make manufacturing jobs more attractive for humans, whichever the age, gender or
social and cultural background, through better humachine interfaces and more
intuitive interaction with digital tools;

1 make industrial processes more agile, securaesilient to future changes;

1 overcome barriers to manufacturability for new materials;

1 bring complex digital technologies within reach of SMEs andeajas, though the use
of autonomous and seffianaging systems.

Examples (norexhaustive list) of possibléechnology areas that could be addressed in
proposals are the following:

9 Industrial Internet of Things;
1 Atrtificial Intelligence applied to manufacturing, including generative design enabled by
Artificial Intelligence;
1 Innovative secure distributed edge amdhtralised computing across supply chains;
Trustworthy sharing of industrial data and its value creation along supply chains
1 Advanced interfaces including smart wearables, -cummventional packages of
electronic devices, for example in textile, and dmdl@tion within smart working
environments such as cobots;
Proposals may cover one or more of the possible technologies, which should be relevant for the
manufacturing sector at large; proposers are requested to identify the centre of gravity of their
proposed project.

=a

TWIN -TRANSITION -16-2021: Digital tools for Circular Economy (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:
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1 Innovative digital tools for circularity applied by the European manufacturing sector;

1 New concepts to address-manufacturing, recycling, and reuse of products and
components;

1 Reduction of the dependency from imported raw materials for the European
manufacturing sector;

1 Increased data exchange among value chain actors to implement circularity.

Scope The focus is on developing new concepts, methods, and digital tools to support the
industrial processes for recycling;meanufacturing, refurbishing, and reuse of manufactured
products and components. New solutions will enable remanufacturinghighejuality
recycling by digitalisation of product and component information throughout the whole product
lifecycle, in line with the Circular Economy Action Plan.

Proposals must develop innovative concepts, methods, and tools that track and tratesthe st

of relevant manufactured products and components, such as electronic systems and components
as well as machine tools. Where appropriate, proposals need to be able to link up with
manufacturing data spaces, so that circular economy data can be sliaradanger set of
organisations.

Developed technologies and solutions should be demonstrated in at least two different realistic
manufacturing use cases of significant economic value. If applicable, legal obstacles to
implementation of the proposed satuis should be identified.

TWIN -TRANSITION -17-2022:  Artificial  Intelligence for  sustainable, agile
manufacturing (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 establishing European industry as leader in sustanatanufacturing and process
industries through the application of Al technologies;

1 improving the environmental, economic and social sustainability of industrial
production;

1 improving the agility of European industry and its resiliency to external shocks;

1 improving humarmachine collaboration, enhancing unique human abilities and making
manufacturing jobs more attractive;

1 integrating stat®f-the-art Al technologies with advanced manufacturing and re
manufacturing technologies and systems, exploiting thatential across the entire
product lifecycle.
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Scope Atrtificial Intelligence has already proven to be very effective in specific manufacturing
applications e.g. preventive maintenance or quality control. The scope of this topic is to exploit
the potentiabf Al as a transformation tool for the entire manufacturing and process industry,
addressing the full lifecycle of products from design to remanufacturing and end of life. Al will
be a strategic instrument to improve sustainability, agility and resilienegternal shocks,
building on the results of the Horizon 2020 topic 882020, and in line with the European
Green Deal objectives. Al applications will be capable of optimising their actions based on
limited human input, thanks to their awarenessefdontext and of the physical environment
delivered by sensors, and will have the long useful lifetime typical of industrial environments.
Generative approaches will help designing products and processes improving the sustainability
of industrial solutios, and capable of quick evolution whenever the external conditions demand
it. The topic will integrate new or existing technologies to make them practically and
economically viable in the industrial world.

TWIN -TRANSITION -18-2021: Tools, models, and teatologies for industrial ecosystems
in promising areas (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Define specifications for data, products, and/or business processes, that have the
potential to be agreed and comonly used by many industrial actors, and that have the
potential to the emergence of future digital value chains, identify promising industrial
areas for industry agreements along the Strategic Value Chains with special focus on
circularity and sustainality;

1 Innovate and upgrade vakaglded networks that strengthen Europe's technological
autonomy and industrial leadership through increased cooperation andectssl
collaboration, including the ability to deal adequately with IP and competitiondaa
thus, through their effective implementation, to lead the twin digital and green
transitions.

Scope Europe has everything it needs to take the lead in this new technology race around
platforms and hyperscalers. To do so, it must organize its divanslscape, which is
characterized by agile SMEs and midcaps, more efficiently and turn the high numbers into a
powerful network that surpasses any single hyperscaler in flexibility. The market is moving
towards more cooperative ecosystems (or industry camsjnwhere players of all kinds and
across all parts of a particular sector pool their insights and combine their profound customer
understanding and relationships, establish indisgigcific networks, and highly
complementary value chains to create tvadue-add for their end customers. We want to
develop tools, pattern and templates that enable thigyate (like cedesign and careate
solutions) and organisational models that facilitate cooperation and collaborative product and
service design amongdustry players.
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Industrial alliances are new and key instrument to promote this cooperation along strategic
value chains, notably with regard to the implementation of {acgée projects of strategic
interest that go across borders and beyond theneesoaf a single company or Member State.

In the industry strategy these alliances focus on performing R&D, but can also be seen in the
sense of strategic partnering, leading to industry agreements.

We are therefore looking for commonly agreed definitions, specifications, standards and
frameworks, which facilitate understandings among industry actors. One element can be data
and cloud platforms for the manufacturing sector that will focus on promotingnonly

agreed governance rules to facilitate access and use of industrial data.

As promising areas we see platforms that concentrate on the use of process, simulation and
maintenance data for predictive and prescriptive maintenance and the usesplostation and
external data (like weather data) in supply chain prediction and management. Businesses that
largely depend on global supply chains, such as mechanical and plant engineering, automotive,
electronics, and retail are being hit much harderth®y crisis. Flexibility and agility are
becoming the basis of their competitiveness. All parties represented in an industrial ecosystem
must rethink their approach and view their sector and its players in a completely new light.
Redundancy and neahoringwill play a more important in the steps towards more resilience

in the future, here industrial ecosystems and industrial agreements can also be supportive.

Build on the work of the Strategic Forum on IPCEIls and align with the Industrial Forum

TWIN -TRANSITION -19-2022: Digital advances for local and urban manufacturing
(RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 To develop and demonstrate digitatipabled solutions that support the local, often
urban,manufacturing vision. (local manufacturing is characterised by small, versatile
factories, close to customers, where various types of customised products are produced
in small series for the cost price of mageduced products.)

1 Significantly improve smaiseries, customised production costs in local/urban
environments as compared to traditional econoiexale production sites, thereby
contributing significantly to a sustainable manufacturing industry

1 Improved access to flexible production capabilitiedocal/urban environments, esp.
for SMEs.

Scope Local, often urban, manufacturing is characterised by small, universal factories, close
to customers (and highly qualified workers), where various types of customised products are
produced in small seridsr the cost price of maggoduced products. Its ambition is to change

the economyof-s cal e target as in todayodés mass produ

networking.

Part 99- Page37 of 386



Horizon Europe- Work programme 20212022
Digital, Industry and Space

The challenge is to better understand customer needs, to significantly qedtetgondelivery

lead time, to reduce transaction costs for small series, to better link customer needs, digital
design, simulation, and manufacturing, and to smoothly collaborate with different actors. Latest
developments of the industrial internet, baga technologies and blockchain enable or promise
easier connected digital value chains. It also requires flexible production equipment, such as
robots, CNC systems, 3D printers, and fast charvge times.

Proposals are expected to develop digitaeligbled solutions that support the localised/urban
manufacturing vision. Possible technology development includes the adoption of artificial
intelligence and smart data approaches for local/urban production to control and optimise
distributed manufacturing dnlogistic processes; Internet of Things solutions and big data
analysis to reach zewefect manufacturing processes and zenprises predictive
maintenance; distributed ledger technologies to reduce transaction costs. Developed
technologies should beethonstrated in at least two complementary use cases. Proposals are
expected to contribute to the development of standards for reconfigurable, modular and scalable
local/urban production facilities.

TWIN -TRANSITION -20-2021: Distributed Industrial Computing (I1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 establishing European industry as leader in sustainable manufacturing and process
industries through efficient data processing within and across the supply chain;

1 improving the environmental, economic and social sustainability of industrial
production;

9 improving the agility of European industry and its resiliency to external shocks;

1 integrating statef-the-art data computing, storage and analytics technologies with
advanced manufacturing and-meanufacturing technologies and systems, exploiting
their potential across the entire product lifecycle.

Scope Fully reaching the opportunities of sharing and exploiting industrial data, including deep
industrial data, requires strike the right balance between centrally processing and storing data
versus locally, at the edges of industrial network. Such a balance has to take into account not
only efficiency (costs of edge computing vs communication to a central node and central
processing) but also the reahe and cybersecurity aspects as a whole. These technologies will
have to show also flexibility along the industrial value chains and promote the introduction of
new business models, based on the availability of deep iradwddta, within an agreed data
governance, with mutual trust and adequate distribution of the value created by sharing data.
Such a distributed industrial computing environment needs to be demonstrated effectively in a
minimum of 2 specific manufacturingpplications. The topic will integrate new or existing
technologies to make them practically and economically viable in the industrial world, and will
encompass modern manufacturing technologies such as digital twins.
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TWIN -TRANSITION -21-2022: Standardisaton and Norms for Al in manufacturing
(CSA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 To explore needs for standardisation and qualification of equipment and processes,
notably the application of Artificial Intelligence to business processes, in line with
guidelines for trustworthy and ethical Al, as put forward by the HLEG on Al

1 Recommedations on standards and certification for Al in machines and industrial
goods in the manufacturing sector, including logistics

1 Identification of gaps and recommendations for key topics for future standardization
andinteroperability

7 Online observatory gbublished standards and ongoing standardisation activities in Al
worldwide.

1 Support to a mechanism for information exchange between international and European
Standardization Organizations (ESOSs) to increase the transparency of ongoing work at
internationhand European levels.

1 Networking of all key players, collection of essential requirements for Al
standardization and dissemination of information

1 Recommendations on links between standardization and regulation

1 Recommendations for research activitieggmarting standardization

Scope Given the transformative potential of Al in nearly all application areas, the development
of a coherent set of Al standards and certifications for industrial products and processes is
essential for the broad adoption of Al the manufacturing sector, including logistics. This
should build on the various Aklated standardization initiatives that have emerged around the
world in the past few years.

Standards should guarantee that Al technology in industry brings a higbfienest and safety

of operations, and that it respects fundamental values and human rights. Standards should also
ensure appropriate governance of Al throughout the system lifecycle and make sure that
decision systems are trustworthy by being robuse, @afl secure. Standards have the potential

to strengthen European competitiveness.

Al standards can be sector specific or horizontal. They may cover diverse aspects of the Al
value chain including training data and rec&egping, trustworthiness includiegplainability

and transparency, robustness and accuracy or human oversight. Standards can also provide a
common baseline for robustness and safety assessment of Al systems and for virtual testing
facilities.

Developing a coherent and broadly accepted&éll standards requires a minimum level of
support to ensure that all essential players are involved and that their voices are heard and in
order to disseminate information and collect requirements essential requirements. Support is
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also needed to coortite and encourage contributions to standardization activities around the
world.

Support to standardisation activities in Al could also include the analysis of the state of play in
Al standardisation worlavide, the mapping of possible obligations ontseng activities, the
identification of gaps, reflections on best ways to link standardisation and possible regulation
and linking standardisation with certification.

An important dimension will be to explore needs for standardisatideroperabilityand
qualification of equipment and processes, notably the application of Artificial Intelligence to
business processes, in line with guidelines for trustworthy and ethical Al, as put forward by the
HLEG on Al.

TWIN -TRANSITION -22-2021: 5G Innovation for Manufacturing (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 establishing European industry as leader in energy efficient and realiable industrial
networks through the application of Al technologies, improving E@ape a ut on o my
industrial networks, keeping a strong position in the network supply market and seizing
opportunities of integration with new value chains such as edge computing as well as
electronic and optical components and devices beyond smartphones;

1 improving the agility of European manufacturing industry and increase its resiliency to
external shocks with flexible, higherformance data and networking solutions, support
modular manufacturing with agile, secure and dasynplement norpublic 5G
systens that leads to more resilient production processes;

1 increasing productivity and innovation capacity of the manufacturing industry by
speeding up the timéeterministic cooperation of machines (robots, servers) and the
time-sensitive exchange of processadaver a factory floor or industrial site at scale;

9 improving the resource consumption of production processes through implementation
of powetrefficient communication technologies and optimized architectures that
support dynamic allocation of functionai$ in the network;

1 Reinforcing European leadership in network deployment and operations, and in
manufactured goods by integrating efficient and secure data communication into
products and support digital twins of a product during its lifecycle.

Scope The scope is to accelerate the development and uptake of advanced 5G technologies by
European manufacturing sector and increase resilience and cybersecurity by design. Especially
SMEs and mietaps in the manufacturing sector need dasyplement, secar

communication technologies from the sensor or edge to the cloud in their production processes.
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Private 5G networks (5G NPN) are exclusive mobile networks that manufacturers can use for
a defined local production site; they can be tailored to the indiViteeds of the manufacturer

and meet future requirements in the area of Industry 4.0. Innovative approaches to simplify the
deployment and operation of such private 5G networks throughout their life cycle are needed.
The keyword here is "Zefdouch Managment", using network automation, Al / ML, Self
organizing Networks (SON), etc. and taking into account the specifics of industrial
environments.

Projects should target easy support for adjusting data and communication infrastructures to
business operatioin a rapidly changing economic environment. Known research challenges
include deployment concepts based on virtualized radio access networks (VRAN) in connection
with open interfaces (Open RAN /-RAN) and developing timeéeterministic and time
sensitiveoptical communication systems. Networks need to be able to integrate industry
standard compute and storage building blocks and perforatimealapplications like robot
control. Implementers in industrial environments need to take a holistic view, mglbdth

the connectivity infrastructure (with 5G as a central component) and the actual production
system. Relevant questions here are e.g. what performance can be achieved, what suitable
architectures and deployment concepts look like (what functionslibcated where and how

are the individual components integrated into existing environments)? The projects should also
always consider if there are alternatives that require less cost and power or are energy adaptive.

An important element for rapid deplognt is also the development and evaluation of new
business models for private 5G networks, e.g. how can the required upfront investment for a
factory operator be kept as low as possible, without increasing the operational costs too much?
And how do the csts scale? In this context, the projects should also offer opportunities for
potential new entrants into the business of such innovative 5G infrastructure solutions. In
particular, new players that have their main focus not on public networks but grulriom
(campus) networks (NGN) for connected industries and in particular automation applications.

An initial step is the comprehensive validation of the performance of 5G (especiallg Rel

real industrial environments. The objective is to better utmi®lsthe implementation
requirements for resilient private 5G networks (5G NPN) and industrial networking
infrastructures. This includes workable approaches to dealing with possible jammers and
investigation of the possible impact of jammers. And it shaakk into account the
recommendations in the EU 5G toolbox and the workgroup on Service and System Aspects 3
(SA3) of the 3GPP.

Build upon H2026EU.2.1.1.- INDUSTRIAL LEADERSHIP - Leadership in enabling and
industrial technologiesInformation and Comnmmication Technologies (ICT); IGI9-2019-
Advanced 5G validation trials across multiple vertical industtigsg to Smart Networks and
Services partnership and CEF2;-BGIA, Telecom Infra Project (TIP).
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Section: A new way to build, accelerating disrugte change in construction

[Expected impacts addressed#15 (Green), 20 (Humaricentred)

Objective for 2030: European competitiveness and climate neutrality of the construction sector through
deeper digitalisation and automation.

Currentstatus: Construction offers 18 million jobs to th
and is mainly driven by Small and Medium Enterprises. Construction remains one of the least digitised
sectors while 70% of construction firms dedicate less than 1% of#wveinuesn R&D. In addition, to

achieve the green and digital transition of the sector upskilling is required for more efficient construction
processes. The EU is still a global leader in innovation systems for buildings in 2020, but research and
innovation in this field must remain a top priority by 2030. In addition, construction activities should

lead to a significant reduction of GHG emissions and resource utilisation in line with the political
objectives of the EU. This will require acceleratingistupting change in the construction activities

through digitalisation and innovation towards climate neutrality, zero waste of materials during
construction and optimal recycling of construction waste by 2050 at the latest.

Achievements sought / targets Accelerating a disruptive change in construction: accelerate the
development of constructiespecific digital technologies and tools; reinforce-faiarication, orsite
automated assembly and quality control; scanning and monitoring of the conditiostofgeassets;
develop innovative ways of training and guiding the workforce to use the new technologies.

9 Industrialisation in Construction (effite construction, largscale 3D printing, optimisation of
technologies)

1 Automation in Construction and @®ndruction (use of robots and robotic arms, autonomous
vehicles, drones, 3D laser mapping;

1 Building Information Modelling: BIM 4,5,6,7 and its connection and interoperability to other
digital technologies throughout the building lifecycle through continudeis logging from
installed sensors. Data representation and connections of the building with the urban scale and
digital twins;

9 Safety in Construction (research in support of regulation and standardisation, digitally enabled
monitoring of the constructiosite);

1 Materials (new recyclable neoxic materials with low embedded energy and -BeHling,
facilitation of mapping and reuse of existing materials through digital technologies).

Means/Links: Considering that projects targeted by this orientationdjeics will be focusing on high

TRL levels, the implementation of the activities could be relevant under different funding mechanisms
that go beyond R&I grants. Reaching the objective will in addition be facilitated by blending multiple
funding sources &m public and private actors. This could include public funding at European level
(e.g. Horizon Europe, Structural Funds, Innovation Fund, etc.) and national level (e.g. national and
regional funds), along with private investments from indujstry.

Proposa are invited against the following topic(s):
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TWIN -TRANSITION -23-2021: The use of BIM for circular construction by valorisation
of construction and demolition waste (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Reduce the quantity of construction and demolition waste (CDW)

1 Demonstrate a more circular and climate neutral construction sector

1 Increase the reusability potential of construction products post demolition and reduce
the downcycling of construction wadtg facilitating modular dismantling of complex
construction products

Scope Based on volume, construction and demolition waste (CDW) is the largest waste stream
in the EU. Considering that most of the waste quantities is concrete and steel, the embodied
energy and CO2 emission in the CDW is significant. By recycling and reusing CDW in new
constructions, the sector would come closer to the targets of becoming fully circular and climate
neutral.

Quantitative waste estimation is crucial for waste managerhérg.could be achieved by
utilising technologies such as Building Information Modelling (BIM). Such a model could
provide information of the materials type (e.g. whether there are hazardous materials that
require special care) and quantities, and thussaimation of the duration for removal, the
number of pickup trucks needed, cost, etc. and make waste separation easier and faster, e.g. by
combining BIM with robotic arms.

Proposals should:

1 Develop, test and promote the necessary BIM applications for @Giaviagement in
different types of constructions;

1 Develop automated solutions for waste separation process;
1 Produce all required training material for the proper use of the developed technologies;

1 Demonstrate of all developed solutions in at least four naeigin sites across different
Member States;

9 Assess the value of the solutions in terms of the additional monetary value/reduction of
CO2 emissions produced

Finally, the projects should provide contributions to relevant standards.

TWIN -TRANSITION -24-2021: Automated inspection and maintenance of large
infrastructure (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Reduction of time and cost necessary for the inspection
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1 Demonstrate and increase in safety and lifetiflarge infrastructures

9 Demontrate a decrease of maintenance costs

Scope

Large civil infrastructures such as railways, underground structures, sports venues and other
type of large infrastructures are aging, leading to structural deterioration froessige
chemical attack, corrosion, and other physical mechanisms. Duringdongservice, a

civil infrastructure should meet the requirement of safety and sustainability for the
operation. While structural health monitoring has gained rapid progrelsstheitaid of
advanced technologies this is often proposed at a later stage when the construction is already
suffering from damages. For new constructions natural aging could be thus improved by
applying inspection and automated maintenance that can beapnogd already at the
design step. This can be done by incorporating sensors, cameras and other inspection tools
that can easily provide reliable information to infrastructure managers for deeiaking

on maintenance.

Proposals should:

1 Propose toolsral systems for fully automated reahe inspection
Demonstrate an effective maintenance strategy
Demonstrate the use of such systems in different climatic conditions

Produce all required training material for the proper use of the developed technologies

= =_ =4 =4

Prove collaboration with relevant standardisation bodies for the developed tools

Finally, the projects should provide contributions to relevant standards.

TWIN -TRANSITION -25-2021: Automated construction (1A)

Expected outcomesProjects are expected tontribute to the following outcomes:

Automation of at least 50% of processes on a construction site, leading to:

Productivity increase on construction sites

Reduction of construction costs and duration

Increase in resources efficiency

Reduction of labouraidents on construction sites

Minimisation of the construction waste produced during the construction phase

= =4 4 -8 -1

Scope:Construction sector is among the least automated and digitised sectitreamadst
labouraccident prone sector in the European Union. Atdhme time, many Member States
are facing a shortage of skilled labour force. Higher automation it is thus necessary in order to
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bring down the construction duration and costs and at the same time increase productivity. The
use of technologies such as aiye manufacturing (3Bprinting), autonomous vehicles,
robots/robotic arms, etc. at a construction site would increase the degree of digitalisation of the
sector while increasing resources efficiency #adabur productivity. This would minimise
mistakes m building works as well as construction waste and make the construction sector
attractive for younger generations. In addition, the use of such technologies would make
construction sites a safer working environment.

Proposals should

1 Develop, test and pnaote the necessary solutions, devices and systems for a highly
automated construction site, exploiting latest underlying technologies;
Demonstrate how each system is coordinated depending on the others
1 Produce all required training material for the prapse of the developed
technologies;
1 Demonstrate all developed solutions in at least four construction sites across different
Member States;

=

Finally, the projects should provide contributions to new relevant standards.

TWIN -TRANSITION -26-2021: Innovativeapproach to flexible construction (I1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate quick and easy to build solutions

1 Demonstrate the developed solutions in different type of constructions such as hospitals
and elderly homes or as additional space to those , who xxxx, as well as in stable and
barn construction.

1 Demonstrate a reduction of time for installation compared to classical means by in
parallel fostering sustainability aspects on the smoedium andong-term.

Scope:Based on the recent experience of the COVID19, there is a necessity for construction
elements to be easily adapted to any kinds of new usage according to the need (isolation and
guarantine spaces). Since temporary solutions exist, pogwuld build on previous
experience and findings to propose new solutions for quickly build, and easyniatier to

their new usage. The proposed solutions should be easily reconverted to other usage later when
the need has vanished. This can resutiew business opportunities for the construction sector

and contribute directly to the Next Generation EU, by relaunching the construction sector
heavily affected by the current crisis.

The projects should:

1 Develop systems exploiting Al technologies fgptimized design, assembly and
modification of the building structure with single elements, coupled with appropriate
ICT tools for multicriteria decision making, the design and the operation management
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91 Develop prefabricated elements that can be easilygplligp the grid and any systems
such as water, oxygen, sewage, etc. Smart textile and lightweight construction might be
an option

1 Target building and installation duration not exceeding a labour week
1 The ecedesign dimension, including-ese options shodlbe taken into account

1 Life cycle assessment and life cycle cost analysis should take into account existing
sustainability standards and existing best practices.

Finally, the projects should provide contributions to new relevant standards.

TWIN -TRANSITIO N-27-2022: A comprehensive management of the construction site
(RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

Develop an advanced platform that combine the management of activities, workforce,
equipment, resourcesd water in a construction site. This would result in:

1 Productivity increase on construction sites
Reduction of construction costs
Reduction of labour accidents on construction sites

Optimise the management of resources, materials, equipment and wsiter on
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Minimisation of the construction waste produced during the construction phase

Scope’A construction site is a small ecosystem that can comprise of hundreds of workers in
large projects, making it challenging for the management team to have a camptetew of

all the ongoing activities and react on time when issues arise. In addition, the construction sector
is still the most labouaccident prone sector in the European Union, its annual labour
productivity growth is only around 1% over the pasty2ars while generating the highest
guantity of waste.

Successful management of construction sites needs to be based on innovative components that
will ensure accurate tracking of supplies and equipment;lvegtig of the workforce, predictive
acciderravoidance systems, a holistic overview of the site and data supply for the site manager.
Efficient resources management would results in minimisation of construction wastes and thus
a more environment friendly construction sector. At the same time, itéssey to consider

the creation of a user experience that is simple and creates minimal disturbance to the
workforce.

The proposals should:

1 Develop, test and promote the necessary technologies, devices and systems for a
comprehensive management of construction sites.
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1 Develop solutions for monitoring the wellbeing of the workforce and prevention of
accidents.

1 Produce all required training neaial for the proper use of the developed systems and
tools.

1 Demonstrate all developed solutions in at least four construction sites across different
Member States and for a period of at least one year.

9 All solutions should be evaluated by the users (sg@agement, workforce, etc.)
through surveys or other means;

Whenever possible the proposed solutions should contribute to existing or new standards.

TWIN -TRANSITION -28-2022: Demonstrate the use of Digital Logbook for buildings
(IA)

Expected outcomes Pojects are expected to contribute to the following outcomes, using
guantified indicators, baselines and benchmarks:

1 Measurable improvements in resource efficiency and decarbonisation of buildings and
their construction/renovation, as a result of usingtalidpuilding logbooks.

Improved linkages of existing databases and sources for digital building logbooks.
Improved usability of digital building logbooks through user eXperience.

New or improved tools for collection and update of relevant data.
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Demonstrag other benefits of using digital building logbooks e.g. safety and health in
buildings and construction; cost effectiveness, efficiency gains in terms of time.

Scope There is a need to demonstrate and realise the potential benefits of using digital
depaitories of information that accompany buildings throughout their lifecycle. These digital
building logbooks (DBL) can potentially result in greater efficiency, circularity and
transparency in the building stock. DBLs should also improve decision makiad Bxtors

along the lifecycle of the building.

Proposals should encompass DBL features and functionalities, User eXperience,
interoperability, data governance and theconnection with other initiatives. Proposals should aim
to demonstrate the benefitsBL in terms of resource efficiency, decarbonisation, safety and
health.

Proposals should propose a framework for linking the large number of existing building
information related databases. Examples of these include public registries (e.g. information o
administrative aspects, soil, cultural heritage), Life Cycle Analysis related data (e.g. GaBi or
Ecoinvent), data on technical products and systems used to construct and operate the building,
databases of Energy Performance Certificates, measured data ofl di ngsd® ener gy
consumption. Proposals should consider both current and future opportunities to collect data
from new technologies (e.g. sensors,te@ak energy use) enabling additional data platforms.
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The DBL could link as well to those nalata platforms, which will come with new possibilities
and responsibilities in terms of data privacy and security.

Connecting all t hese data sour cieiderfaas@anduser s
protocolsi to enable interoperability, data costeincy (as for example through common
European data spaces for the manufacturing sector to ensure enhanced access to privately held
data, via industrial data platforms) and inf
as one of the main obstaclesish be explored. There is also a high potential for advanced
technologies, such as blockchain, to support the alleviation of these issues

Proposals should ensure a coherent approach at national level to link existing databases (and
automatic updating)with he DBL, to facilitate the devel op
and maximise interoperability. Data quality marking schemes could be considered. Proposals
should take into account the outlook on expected evolutions related to new databases with
linking potential for the DBL.

The DBL nAfeatureso (e. g. digital interface,
built around the DBL) should prioritise uskrendliness and a smart interface for arsers.
Proposals are expected to demonstréiite@o d ul ar and | ayeredo struct

that it is flexible enough to make the right information available to the right actor at the right
time. The DBL should take into account User eXperience (UX) principles in order to stimulate
the updateof the building logbook and its use by construction professionals and building
owners.

Proposals should ensure that the functionalities offered by DBL and the corresponding benefits
are easily understood by construction and building professionals aassaliilding owners.
Proposals may address the DBL to any or all types of buildings as appropriate.

TWIN -TRANSITION -29-2021: Data Spaces for Construction (I1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Increaseproductivity and sustainability of the European construction industry by
establishing digital platforms across the construction sector, from planning to building
to lifecycle management to deconstruction, end of life andee

1 Improve competitiveness @&U actors in the construction sector by facilitating data
accessibility and sharing across public and private stakeholders across countries in the
European context

1 Establishment of a common market of digital tools and solutions which will lead to
interconrection among European, National and local data spaces and platforms,
including building permits and digital logbooks.
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1 Facilitate a circular approach through improved operations processes of construction
assets, as well as higher quality and decarbonisidings and infrastructure along
their life cycles.

1 Support the design of highly energy and resource efficient buildings and infrastructure,
optimal integration of renewable energy, reduced raw materials consumption, pollution
and greenhouse gas emissions

1 Promote the diffusion of standards, interoperability, digital processes and tools with
specific reference to SMEs

Scope The Construction and Built environment sector is using a growing number of
information models and digital tools/services, along witlexgonential creation of digital data.

This topic requests setting up data space(s) for Construction as digital platform for enhanced
collaboration in the construction sector that build on existing solutions, integrate different
technologies, make data o construction works easily accessible, and allow for
complementary applications.

Reaching climate neutrality by 2050 will require further acceleration of smart digital
technologies in buildings (including advanced connectivity) to improve the quality and
sustainability of buildings and infrastructure along their life cycle and reinforce their role in
integration in urban transport and energy sector (Predictive asset performance). Therefore it is
essential to foster the emergence of digital standardstarfhces across the ecosystem.

The development of these data space(s) should consider commonly agreed reference
architecture frameworks, such as outlined by the DigiPlace project, from planning and design
to construction, operational life, deconstructiemmd end of life. Proposals should integrate
advanced digital technologiesd should address digital twining as well as security, safety and
privacy by design, notably when deployimgernetof-Things sensors. They must also take into
account resultsom other relevant activities in the field of Building Information Modelling and
Digital Building Logbooks. Projects should be demonstrated in at least two use cases.

Proposals shall address all four essential areas of platform development as follows:

1 developng the tools and technologies of an open digital construction data space in line
with commonly agreed reference architecture;

1 piloting the data space in several realistic use cases from the Construction and built
environment;

9 contributing to standards,teroperability and reference implementations;

1 ecosystem building, i.e. raising the interest of stakeholders to develop complementary
applications using the data space

They will, if applicable, collaborate with other projects funded under this area.
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TWI NT TRANSITION -30-2022: Innovative use of data in constructiorflA)

Expected outcomes Projects are expected to contribute to the following outcomes, using

guantified indicators, baselines and benchmarks:

T

Improve the efficiency and quality of design and carcdton processes through novel
use of data

Accelerate uptake of solutions such as digital construction platforms, digital logbooks,
and data spaces by SMEs and midcaps in the construction sector, supported by Digital
Innovation Hubs.

Increase stakeholden&wledge and capacity regarding the potential of data sharing as
a basis for better collaboration between participants in the Architecture, Engineering
and Construction (AEC) industry.

Demonstrate models for business processes that are optimized by dath ba
collaboration.

Scope The recent economic crisis made it very clear that we need to invest further in the
digitalization of processes to make them more resilient. Small and Mexinaith Enterprises
(SMEs) as well as public sector organisations @thér construction sector stakeholders must
better understand how they can use data and innovative digital technologies such as Artificial
Intelligence (Al) to significantly improve their production and business processes. The
Construction sector is amortlge least automated and digitised sectorsthadmost labour
accident prone sector in the European Union. The implementation of a platform thinking
approach throughout the industry is still missing. And this despite the immense potential for
optimizationthat lies in digital technologieBigital transformation can significantly contribute

to:

T
1
il

=

Productivity increases in planning, design, construction and demolition works

Reduction of errors

More efficient use of resources and materials, including withuiee of automated,
additive, robotic and prefabricated technologies

Reduction of design and construction costs and duration

Reduction of labour accidents on construction sites

Optimised building operations during the whole lifecycle (such as reducing earatgy
resource consumption, carbon emissions, maintenance costs; and optimising space
usage)

In order to realise this potential it is important that data and information is processed and
enriched by Al, people and organizations collaborate on data spades;ldased applications
empower all stakeholders including SMEs by using processed and enriched data, apply and use
precise, knowledge rich digital twins that replicate, simulate and evaluate the physical twin.

Delivering climate neutrality by 2050 wilequire further acceleration and a higher quality of
building construction and renovation processes and uptake of smart technologies in buildings,
enhancing the digitalisation of the construction ecosystem and facilitating energy system
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integration. Digitaltechnologies can improve design and construction processes, producing
useful data for the whole building lifecycle.

To master this challenge, SMEs in particular need low entry barrier test opportunities to better
understand how digital technologies caiph® transform their business. Digital Innovation

Hubs (DIH) are onetop shops that help companies become more competitive with regard to
their business/production processes, products or services using digital technologies, by
providing accesstotechmid experti se and experi mentation,
they investo. They also provide innovation s
development that are needed for a successful digital transformation. DIHs will alsotsupp
companies and public sector organisations in the use of digital technology to improve the
sustainability of their processes and products, in particular with regard to energy consumption
and reduction of greenhouse gas emissions. The focus of the gieomb®uld be on
demonstrating automation in construction anecdestruction as well as data representation,
including the connections of buildings with their urban context and connected infrastructures.
Proposals must allocate at least 50% of their butdgaclude SMEs of the broad construction

sector in experiments withirkancial Support to Third Parties (Annex XX of the Work
Programme)

The proposals shall develop concepts for, and implement, pilot demonstrations in the
construction sector, that
1 Support development and uptake of smart and decarbonised buildings and
infrastructure, through the digitisation of processes in the construction sector.

1 Integrate collaborative and automated design and construction

1 Determine novel business models te@sgthen sectorial cooperation along the value
chain and crossectorial towards enhanced circularity and decarbonisation. This will
help to drive deeper understanding of how the market and the construction ecosystem
can utilize digital twins to enable neways of doing business and create new
opportunities.

i Offer learning environments to experience innovative components that will ensure
accurate tracking of supplies and equipment, provide dinealdigital representation
of a construction site up to a da twin, which accompanies a building throughout its
life cycle as a virtual representation of its data.

I Demonstrate tools that enable a more circular and climate neutral construction sector

1 Improve the skills of construction sector workers and prajesss, including upskilling
on the use of existing digital tools and technologies, make available required training
material and connect with adequate training providers, for example by making links
with the Blueprint on Sectoral Cooperation on SkKillor the BUILD UP Skills
initiative?.

1 Seehttps://ec.europa.eu/social/main.jsp?catld=1415&langld=en
2 Seehttps://ec.europa.eu/easme/en/section/hos@iz0-energyefficiency/build skills
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TWIN -TRANSITION -53-2021: Digital building permits (CSA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Increased uptake by public authorities of BIM and GIS enabled building permit
proaesses with interoperable and neutral data formats, rule interpretation and machine
readable regulations.

1 Measurable efficiency gains in the processing of permits

1 Development of a framework for the digitalisation and automation of building permits
for construction and renovation works

1 Development of common tools, procedures, data sharing protocols and interoperability.

Scope As part of the ongoing work with the Eur
the collaboration with the EU Building Inforation Modelling (BIM) Task Group, there is a
need to further develop, connect and assure alignment of different technologies and tools for
digital construction. The potential is clear for the optimisation of public procurement for
construction through BIMThere is a need to streamline and accelerate the processing and
delivery of building permits through BIM enabled tools. The recent technological trends and
the opportunities they present, in combination with the pandemic crisis, call for improved
automaised methods of building and of authorising construction works. The information
produced in BIM during the design phase can facilitate the application and granting of
administrative permits, including by making connections with Geographic Informatiom3yste
(GIS) and different types of digital twins of greater scale (city level or country level digital
twins). Proposals should show how digital permites can help to reduce errors and streamline
processes, with consequent savings in costs and time. Theregd o accelerate authorisation
permits to increase the rate of building renovations in Europe and to support greater activity by
the construction ecosystem in the recovery phase.

Proposals should address barriers to the use of digital building pémotitding knowledge

gaps, technology deployment, and the regulatory context. Proposals should also address support
to policymaking. Proposals should take into account the wide range of actors involved in
applying for and receiving building permits (e.g.ilbung design and construction
professionals, IT experts, academia, industry and public authorities).

Proposals should take into account the international contexts and developments in BIM and
GIS but also the capacities and opportunities presented inediffparts of Europe. Proposals
may address any or all types of buildings as appropriate.
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Section: Hubs for circularity, a stepping stone towards climate neutrality and circularity
in industry

[Expected impacts addressed#15 (Green), #6 (Industrial leadrship)

Objective: Establish at least 10 new Hubs for circularity by 2025, providing large scale demonstration
platforms (e.g. industrial cluster regional level) for (near) climate neutral, near zero waste and zero
landfill concepts at TRL 7 and above.

Current status: The European process industry faces a number of challenges (strong competitive global
pressure (e.g. China, USA), and pressure to transform itself to decrease GHG and pollutant emissions,
resource utilisation and its overall environmentgbact, in line with the political objectives of the EU).

This will require reaching climate neutrality, near zero waste, zero pollution and zero landfill by 2050
at the latest. Industrial / urban symbiosis can be a key enabler towards realising thaseesbjec
fostering broad stakeholder engagement, across industry sectors, utilities and local communities,
providing sectors and value chain integration to use resources more efficiently and transforming waste
and emissions into valuable secondary raw nalteh this context, Hubs for circularity can bridge the

gap between research and commercial deployment of industrial symbiaosis solutions.

Achievements sought / targets:

9 Largescale industrial symbiosis projects (Hubs for circularity), with strong industlevance and
crosssectorial nature, engaging actors at local, regional and national level (e.g. utilities, local
communities, municipalities, etc.) to realise fully integrated solutions in existing industrial cluster
and regions.

9 Significant redudgbn of emissions and waste, promoting resource and energy efficiency, waste
streams valorisation and secondary raw materials uptake, along with integration of renewable energy
in industry, to achieve circularity and climate neutrality. For example, Hubsirfrularity may
implement solutions for process and heat electrification, waste heat recovery, renewable energy, use
and storage for grid stabilisation, (novel energy vectors (e.g. hydrogen) waste recycling and
emissions valorisation (e.g. CO2 capturd apage) as well as integrated water utilisation in closed
loops.

91 Digital technologies will be developed as needed in all the R&I activities to achieve this orientation
for topics objectives (e.g. material and product passports for zero waste value dbaihsp an
industry ledreporting and certification system for industrial symbiosis exchange).

91 Design for circularity and safety by design principles will also considered as relevant.

Means/links: This orientation for topics will be implemented througtvesral partnership initiatives

such as the eprogrammed partnerships Processes 4 Planet, Made in Europe and Clean Steel, as well
as the institutionalised partnership on Hydrogen. This orientation for topics will have strong links with
the activities in Qlster 5 (Energy infrastructures, CCUS, Hydrogen), Cluster 6 (Circular Economy) and
other areas in Cluster 4 (manufacturing and advanced materials). Considering the scale of the projects
targeted by this orientation for topics, the implementation of theitées will require instruments that

go beyond R&l grants. The projects will require blending of multiple funding sources from public and
private actors. This could include public funding at European level (e.g. Horizon Europe, Structural
Funds, Innovatin Fund, etc.) and national level (e.g. national and regional funds), along with significant
private investments from industry, possibly backed by appropriate financial instruments at national level
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(e.g. loans and guarantees from national investment bani&r European level (e.g. Just transition
Mechanism, InvestEU, etqd)).

Proposals are invited against the following topic(s):

TWIN -TRANSITION -31-2021: Deploying industrialturban symbiosis models for waste
utilisation at regional scale (RIA)

Expected otcomes Projects are expected to contribute to the following outcomes:

1 Step change towards closing circular loops;

1 Significant reduction of waste generati@%)by reuse and transformation of waste
as secondary products

1 Concepts for overcoming relevasdrriers (e.g. end of waste criteria);

T Effective dissemination of major innovation outcomes towards the implementation of
IndustriatUrban Symbiosis, connection to the EU Community of Practice,
development of learning resources with flexible usability.

1 Clear environmental gains in absolute figures, and weighted against EU and global
environmental footprints, should be demonstrated;

1 Proved replication potential in other regions.

Relevant indicators and metrics, with baseline values, should be stategliclé¢lael proposal.

Scope Exemplary pilot solution of Industridlrban Symbiosis needs to be exploited to
accelerate the transition to a circular economy. Examples could be: reducing waste, virgin raw
materials, and energy and water consumption, mainhtraysforming underused waste
materials (both industrial waste and-ppducts and end of life urban waste) into feedstocks
for the process industries. To support a wide implementation of Indidtbhah Symbiosis for
waste utilization, the regional dimeos is important as local energy and utility networks,
adjacent industrial infrastructures and availableplyducts and wastes should be considered

in a holistic approach and the logistics should be minimised wherever possible and
advantageous from the ngpective of sustainability and competitivenebschnology based
innovation should prove the potential for a novel symbiotic value chains in a demonstrator
involving multiple industrial sectors in pilot industrial settings.Technology based innovations
shauld prove the potential for novel symbiotic value chains in demonstrators involving multiple
industrial sectors in pilot industrial settings. Projects are expected to address:

1 A broader symbiosis, from local and regional perspectives;
1 Processing of side/vste streams specifically for the use as resource for plants and
companies across sectors and/or across value chains;

1 Process (rgdesign and adaptation to integrate new processes (energy and material flow
coupling, infrastructure and logistics).

1 Integration of ICT and digital tools, including artificial intelligence for mudtiteria
decision making, for the design and the operation management of exchange streams in
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a dynamic production environment, advanced modelling to design and establish novel
symbiotic interactions, data sharing and preservation of data confidentiality, as a non
exhaustive list;

1 Assessment methodologies and KPIs to measure the performance of symbiosis,
including environmental, economic and social impacts. Life cycle assessment and life
cycle cost analysis should take into account existing sustainability standards (e.g. ISO
14000) and existing best practices.

1 Development of common transport reporting methodologies for the assessment of
industrial symbiosis activities and exchanges.

Clustering and cooperation with other selected projects under thisaurtisg call and other
relevant projects is strongly encouraged.

TWIN -TRANSITION -32-2021: Circularity loops for solid wastein urban environment
(IA)

Expected outcomesProjects are gected to contribute to the following outcomes:

1 80%reduction ofsolid waste generation by+#se and transformation of relevant parts
of the waste as secondary resource for the progessufacturing and construction
industries in comparise to curret staf-the-art

Tacklingrelevant barriers to exploitation (e.g. end of waste criteria);

1 Effective dissemination of major innovation outcomes towards the implementation of
IndustriatUrban Symbiosis, development of learning resources with flexible usability
connection to the Community of Practice.

1 Clear environmental gains in absolute figures, and weighted against EU and global
environmental footprints, should be demonstrated;

T An analysis of barriers, standards, and new business models, covering ownership,
management and fair sharing of benefits.

1 Proved replication potential in other regions.
Relevant indicators and metrics, with baseline values, should be stated clearly in the proposal.

Scope Circularity hubs for solid waste in urban environment tacklashdamental issue of
end of life materials representiaghuge amourdnd broad range of solideastes.There is a
need of innovative solution engaging waste management actors in novel value chains to valorise
a significant part of those wasts, bringingj &ttention to upcycling back to secondary materials
instead of down cycling of low rese.Projects are expected to address:
1 Broader symbiosis, from urban perspectives;
1 Management of side/waste streams (through e.g. capturing, purification, conogntratin
sorting, collecting, recycling (especially chemical recycling for the valorization of waste
to be used as feedstock), exchanging or preparation) specifically for the use as resource
for other plants and companies across sectors and/or across valse chain
1 Process (r@design and adaptation to integrate new value chain including energy and
material flow, infrastructure and logistics.
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Integration of ICT and digital tools, including artificial intelligence for mualiteria
decision making, for the desigmd the operation management of exchange streams in
a dynamic production environment, advanced modelling to design and establish novel
symbiotic interactions; data sharing and preservation of data confidentiality;

New approach to endf life materials remaing usual barriers of exploitation, enabling
novel symbiotic interactions; data sharing and preservation of data confidentiality;
Assessment methodologies and KPIs to measure the performance of symbiosis,
including environmental, economic and social intpac

Life cycle assessment and life cycle cost analysis should take into account existing
sustainability standards (e.g. ISO 14000) and existing best practices.

Clustering and cooperation with other selected projects under thisocittisg) call and othe
relevant projects is strongly encouraged.

TWIN -TRANSITION -33-2021: Integration of pandemic waste knot hubs for circularity

(1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

T

E ]

Meeting the EU's circular economy and eamimental targets while demonstrating a clear
benefit, i.e. more efficient or economic than the state of the art in order to enable market
uptake in the short to medium term;

Create new technologies and business opportunities for the recycling indussy acr
Europe, especially in the area of composites and plastics where the challenge is high;
Demonstrate a significant reduction in landfill waste volume;

Reduction of the carbon footprint of the corresponding products (based on a full Life
Cycle Assessméh

Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal.

Scope The ambition is that Europe becomes the waelitler in developing sustainable chemistry,
smart materials and intelligent recycling, throughc@mbination of mature and disruptive
technologies.

Projects are expected to address:

)l

Develop reuse/recycle strategies through new value chain and disruptive business models
for pandemic wastes for single use disposable devices and equipment (masks, gloves
protective materials and quarantine elements/devices, etc).

Management of side/waste streams starting from collection, sorting, distribution for the
use as resource for other plants and companies across sectors and/or across value chains;
Proposals shodldemonstrate the actual circular use of such materials throyogbaessing

of recycled products and evaluate the properties of suphooessed products compared

with similar new products.

Proposals should include the full Life Cycle Assessment (LGA)e@material production
and lifecycle.
Assessment methodologies and KPIs to measure the performance of symbiosis,

including environmental, economic and social impacts.
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1 Life cycle costing, market analysis and business model should demonstrate tgntabili
of the processes and products.

Priority should be given to eventual second life applications.

Clustering and cooperation with other selected projects under thisouittisg) call and other
relevant projects is strongly encouraged.

TWIN -TRANSITION -34-2021: Hub for Circularity Community of Practice (ECoP)
platform (CSA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Effectively working sustainable European Community of Practice (ECoP) as exchange
forum/platform conneing H4C and all actors willing to invest in Industrial Urban
symbiosis (US) projects, giving them appropriate-tggdate support to develop their
project by collecting knowledge and tools, and making them accessible through training
material dedicatedtcircular practitioners that can drive H4C roll out across Europe.

1 Analysis of technologies and tools fadustriaturban symbiosis and circularity
especially those from projexso far.

1 Support the H4Cs network and promote the transfer of the gimtaldels across sectors
and borders.

1 Stimulatecircularity public and private investments.

1 Spread the H4AC concept to all regions of Europe.

1 Solid plan for selfinancing the Community funding is finished.

H4C are selsustaining economic industrial ecosystems for-dallle IndustriaUrban
Symbiosis and Circular Economy in a specific geographic area, closing energy, resource and
data loopsandbringing together all relevant stakeholders, technologiessirirctures, tools

and instruments necessdoy their incubation, implementation, evolution and management.

The H4C Community of Practice is a tool connecting the Hubs into a network for tools and
knowledge exchange across regions. The project will eralassibly all existing H4C and
circular systemic activities and strongly link wiRdPlanet.

Scope Many initiatives and publicly funded projects exist on various levels, from European
scale to national and regional projects. Many tools, models, antbtegies have been
developed which need to be visible and accessible for managers of symbiosis. In order to
assist them the platform should:
1 Gather and synthess stateof-the-art knowledge on circularity and industrial
symbiosis;
1 Charactese, classify ad evaluate systematically with a constant update symbiosis
and circularityrelated solutions;
1 Connect the regional H4C and ensure a mutually profitable knowledge and experience
exchange;
9 Provide tutorials and learning framework about stdtthe-art solutons;
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1 Support the transfer of knowledge, tools and innovation acros#iie,and the
programming groups or aubc task forces.

1 Engage with other stakeholders (e.g. universities or other education institutions) to
facilitate the training of circular pratoners. These practitioners should have an in
depth understanding of industrial and urban symbiosis, thedt#tte-art tools and
databases, and newest business models.

1 Track regional needs based on feedback of H4Cs and other supporting members in
order to optimise the support;

1 Enable prioritization of-US projects by providing systemsgd knowledge on gaps
and potential impacts;

The funded projects under P4Planet will be required to provide complete information and full
collaboration to thelatform.

TWIN -TRANSITION -35-2021: Stateof-play analysis of regions/areas for first
i mpl ementation of advanced hubs for <circul ar

Expected outcomesProjects are expected to contribute to the following outcomes:

1 A stateof-theplay analysis ofregions best suitable for the first implementation of
advanced hubs for circularity in Europe whith 10 regions short listed and a couple of
related scenarios for technology and process implementation;

91 Detailed study of the strength and weaknesses of tfien® selected including the
Symbosis maturity level (SRL).

1 Identification of 3 regions where first of a kind pilot implementation of advanced hubs
for circularity can start by 2024, aiming at a significant level of circularity by 2030.

Project should strggly link with P4Planet stakeholders and existing H4Cs.

Scope In March 2020, the European Commission adopted a legislative proposal for a
European climate law setting the objective for the EU to become climeateal by 2050.
Circularity is an essentiglart of the industry transformation towards climagitrality and
long-term competitiveness. Hubs for Circularity (H4C) are systems/tools/enablers to realize
this ambition in a competitive way decreasing related costs through Industrial Symbiosis and
facilitating first of a kind large demonstrators. Activities should include:

1 Draw up a list of specifications/criteria for best suited regions;

1 Detailed analysis of suitable regions in EU for H4Cs implementation. The regions to
consider should involve resoerstreams from consumer waste, urban wastewater, and
waste streams, preferably Industiisban Symbiosis senarios that are already in place,
and proved involvement of regions and local communities. SRL level defining maturity
of symbiosis processes shobie preferably significant.
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1 Selection of then regions, good candidate, for developing the first model H4Cs by 2024.
These ten hubs should become lighthouse examples elviwitooperation between
industry, public authorities and civil society on circuleoeomy beyond 2025. The H4C
could be thematic at first (e.g. focus on valorisation of emissions or circular use of plastic
waste, etc.) and evolve after a successful first demonstration into a broader concept,
attracting other players from other industeg®rs at local, regional, national or European
level and enabling industrial symbiosis in new areas and processes.

1 Preimplementation analysis of the 10 first listed regions. This should at least include
technical and non technical challenges, variousp@sal for symbiosis process
implementation, commitment level of the local authorities and communities, regional
specificities (business/industrial policy and strategies), additional funding andhistate
resources, etc. These ten hubs should become digbeh examples of wiwin
cooperation between industry, public authorities and civil society on circular economy
beyond 2025. The H4C could be thematic at first (e.g. focus on valorisation of emissions
or circular use of plastic waste, etc.) and evolve afticcessful first demonstration into
a broader concept, attracting other players from other industry sectors at local, regional,
national or European level and enabling industrial symbiosis in new areas and processes.

1 Prioritisation of the firstisted region in order to select the three first H4Cs best
localisation.

TWIN -TRANSITION -36-2022: Circularity hubs for near zero emissions regions (RIA)

Expected outcome®rojects are expected to contribute to the following outcomes:

1 Signifficant improvement ienergy efficiency and in CO2 emissions of the targeted
industrial processes thanks to industtithan symbiosis to meet climate neutrality by
2050;

1 Concepts for overcoming relevant ntathnological barriers;

1 Effective dissemination of major innovationtoomes to the civil society, connection
to the EU H4C Community of Practice;

1 Demonstration of the symbiotic processes in relevant environment with evaluation of
environmental gains in absolute figures, and weighted against EU and global
environmental fogdrints;

91 Exploitation plan with cdinancing
1 3 EU virtual regional case to prove tteplication potential

Relevant indicators and metrics, with baseline values, should be stated clearly in the proposal.
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Scope In order to reaclelimate neutralitypy 2050, prioritising climate change mitigation in

the economic recovery is a necessity. Process industries should abate GHG emissions generated
in their processes, both enenggfated and processlated, to contribute to a climate neutral
society. Digitlisation and regional hubs for circularity will serve as accelerators for the
transformation. Digitalisation will enable the fast development of new materials and processes
and of industrialrban symbiosis, improving the energy and resource efficienplanfs and

value chains. Hubs for circularity (H4C) will bring together local stakeholders to jointly find
synergies and accelerate the transition exploiting the full potential of Industhah
Symbiosis, reducing waste, raw material, and energy arter wansumptionProjects are
expected to address:

l

Broader symbiosis, from local and regional perspectives, with infrastructures (e.g. waste
and water management infrastructure, gas networks), communities and energy grids
(e.g. smart operations schedulingjstrict heat integration), including distributed
generation and the role that symbiosis can play in fluctuating energy grids (i.e. grid
services, seasonal storage, biomass or heat pumps integration);

Management of side/waste streams (through e.g. cagtynurification, concentrating,
sorting, collecting, recycling, exchanging or preparation) specifically for the use as
resource for process industries across sectors and/or across value chains;

Process (r¢design and adaptation to integrate new valuencfenergy and material
flow coupling, infrastructure and logistics).

Integration of ICT and digital tools, including artificial intelligence for muatiteria
decision making, for the design and the operation management of exchange streams in
a dynamic poduction environment, advanced modelling to design and establish novel
symbiotic interactions; data sharing and preservation of data confidentiality;

Assessment methodologies and KPIs to measure the performance of symbiosis,
including environmental, econoc and social impacts. Life cycle assessment and life
cycle cost analysis should take into account existing sustainability standards (e.g. ISO
10410) and existing best practices.
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Section: Enabling circularity of resources in the process industries, inctling waste, water
and CO2/CO

[Expected impacts addressed#15 (Green), #6 (Industrial leadership)

Objective: Maximise the utilisation of CO2/CO streams and waste as secondary raw materials. Cut
GHG and pollutant emissions and decrease primary raw matetiigsation.

Current status: Process industries are by nature resource intensive, using huge amounts of raw
materials, often imported fossil based ones. In their operations, they generate large amounts of waste
and CO/CO2 emissions. To make process industries more sustainabteititasto reduce resource
utilisation as well as waste and emissions generation. In this context, the circular utilisation of waste
streams and CO2/CO streams could provide a key pathway to turn waste into a resource, giving access
to alternative feedstk for industry to replace fossil based raw materials. This would benefit both
industry and society, increasing resource efficiency, while reducing polluting emissions and waste. It
can also enhance the resilience and competitiveness of the Europeaty,itgustducing dependence

from imports of volatile commaodities (oil, gas, minerals).

Achievements sought / targets The development of disruptive process technologies, including
decontamination technologies for a high quality of inputs to enable safeiranthr valorisation of

widely available waste streams and emissions (e.g. CO2/CO) turning them into secondary raw materials,
intermediates and addedlue products of interest for process industries (e.g. chemicals, fertilisers,
steel, cement, mineralstc.) or fuels for transport.

1 Technologies for the valorisation and decontamination of inputs, waste (plastic, biomass, etc.) and
CO2/CO streams (CO2 capture and usage, catalysis and artificial photosynthesis) to produce added
value products and intermedés, such as materials, fuels and chemicals.

1 Energy and resource efficiency will be major areas of focus for all the technology developments.
The utilisation of electrified technologies will also be promoted to ensure the integration of the
technologiesn a future renewable energy system.

9 Digital technologies as well as design for circularity and safety by design (includirigxioity
of materials) principles will be considered under the R&I activities as relevant.

Means/links: This orientation for tpics will be implemented through several partnership initiatives
such as the eprogrammed partnerships Processes 4 Planet and Clean Steel, as well as the
institutionalised partnership on Hydrogen.

This orientation for topics will have strong links witther activities in Cluster 4 (Advanced materials),
as well as with activities in Cluster 5 (Energy infrastructures, CCUS, Hydrogen) and Cluster 6 (Circular
Economy). Shared activities with these parts of the programme may be developed (e.g. Jdint calls).

Proposals are invited against the following topic(s):

TWIN -TRANSITION -37-2022:Develop COLO2 refineries (1A)

Expected outcomesProjects are expected to contribute to the following outcomes:
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i Utilise CO/CO2 streams to produce a broad range of added value products and
intermediates of wide interest (e.g. polymers, resins, chemicals, food/feed ingredients,
minerals, etc.). Excluding fuels and/or energy carriers.

1 Enhance the market for CO/CO2sked products providingconomically viable and
sustainable alternatives to existing products in a wide range of applications (e.qg.
consumer products, feed/food ingredients, automotive, construction, etc.).

1 Develop concepts enabling 100% utilisation of RESg. electrified processes,
concentrated solar, etc.), coping with potential fluctuations in the energy supply.

1 Atleast 60% GHG emissions in the overall lifecycle compared to existing processes for
the same products (or relevant benchmark).

Scope The poposals submitted under this topic are expected to provide concepts for utilisation
CO/CO2 streams from point sources (e.g. large industrial installation such as steel, cement and
chemical plants) converting them into added value products and/or intatesegind chemicals

of wide interest (plastics, resins, composites, chemicals). The topic excludes expressely fuels
and renewable energy storage concepts. The technologies proposed should support cross
sectorial concepts and sector integration paradigmsy ®iould also be able to work
efficienctly in a renewable based energy system, coping with potential fluctuations in the energy
supply or be fully selsustained from an energy standpoint. The concepts proposed are expected
to:

1 Process significant amown€O/CO2 containing waste streams from energy intensive
industries, includingefficient approaches for the pieatment of the gaseous stream
(e.g. cleaning, compression, drying, concentration, iétceeded

i Targettinga range of products and/or inteediates with a wide variety of applications
in different sectors (e.g. construction, automotive, food/feed, etc.) to replace current
ones (e.g. fossil based or from virgin raw materials).

1 Industrial specifications and eslant market requirements shotd clearly considered.
The proposal are expected to demonstate that targeted products and/or intermediates can
fully relevant existing counterparts. The prevention oftywaping of hazardous
substances, including their separation and dispgbsalld be condered.

1 Demonstration of the improved environmental footprint of the proposed products and
processes, as well as other positive impacts should be provided using relevant
methodologies (e.g. LCA, LCSA, etc.).

1 Elements related to the replicability and sbdity of the technology should be
provided.

1 Demonstration of the proposed concepts in an industrially relevant environment and at
an appropriate scale is expected. The integration of the proposed technology in existing
value chains and the relevance teesal European contexts would be an added value.
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TWIN -TRANSITION -38-2021: Plastic waste as sustainable carbon feedstock for industry

(IA)

Expected outcomesProjects are expected to contribute to the following outcomes:

T

Valorise a wide variety of unsodeplastic (and other) waste, including items such as
PPEs (e.g. masks, gloves, screens, etc.), in large amounts, to avoid landfill.

Yield material streams of high industrial interest, replacing the ones currently produced
from fossil feedstocks (e.g. diles, hydrogen, syngas, etc.).

Develop concepts enabling 100% utilisation of RES (e.g. electrified processes), coping
with potential fluctuations in the energy supply.

At least 60% GHG emissions in the overall lifecycle compared to existing for plastic
recycling (or relevant benchmark).

ScopePlastic and other waste could potentially represent a sustainable alternative to imported
feedstock (e.g. oil, gas). It contains high amounts of carbon, it is widely available and ist
valorsatin could also provide ¥monmental and societal benefits avoiding the disposal in
landfill.

The proposals submitted under this topic are expected to provide concepts for utilisation of

unsorted plastic (and other) waste in cracking applications, including items such as PPEs (e.g

masks, gloves, screens, etc.), for the production of material streams of wide industrial interest
(e.g. hydrocarbons, olefins, syngas, hydrogen, etc.). The technologies proposed should be
electrified to work efficiently in a renewable based energy systéy should also be able to

cope with potential fluctuations in energy supply.

T

T

The technologies proposed should be able to valorise a wide variety of unsorted waste,
plastic could be a major source, other waste sources can be considered, providing the
supply is secure and the business case is feaSipézial attention is expected to the
potential variability of the input, and the presence/formation of contaminents and
impurities in the process.

The processes addressed should yield material strearob afe of high industrial
interest and can be readily integrated in downstream industrial processes for the
production of a wide range of products (e.g. plastics, chemicals, hydrogen, fuels,
materials, fertilisers, etc.).

Industrial specifications shoulde considered, and proof that these secondary raw
material streams can be used in downstream industries should be provided.

Demonstration of the improved environmental footprint of the proposed products and
processes, as well as their positive impactukhadbe provided using relevant
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methodologies (e.g. LCA, LCSA, etc.). The prevention of upcycling of hazardous
substances and thaieparation and dispossttiould be considered.

Elements related to the replicability and scalability of the technology sHmeild
provided. Along with the relevance of the proposed approaches to solving waste related
issues in existing European contexts.

Demonstration of the proposed concepts in an industrially relevant environment and at
an appropriate scale are expected. Thegnattion of the proposed technology in existing
value chains and industrial realities would be an added value.

TWIN -TRANSITION -39-2022: Upcycling technologies for plastic waste (RIA)

Expected outcomesProjects are expected to contribute to the follovantgomes:

T

Upcycle plastic waste, including items such as PPEs (e.g. masks, gloves, screens, etc.),
to produce added value products of comparable or higher value, solving waste related
issues or improving the overall recycling process.

Provide clear advdages (economic, environmental, social, etc.) on existing recycling
routes for the same or similar plastic waste (or relevant benchmark).

Develop concepts enabling 100% utilisation of RES (e.g. electrified processes,
concentrated solar, etc.), coping withtential fluctuations in the energy supply.

At least 60% GHG emissions in the overall lifecycle compared to existing for plastic
recycling (or relevant benchmark).

Scope The proposals submitted under this topic are expected to provide conceptsstdrariil

plastic wastgexcluding compositeshich may include sorted or unsorted waste, including

one or more types of plastics (e.g. PET, PP, PS, Etc.) and items such as PPEs (e.g. masks,
gloves, screens, etc.),. The concept proposed are expecteqtteupe plastic waste though
chemical (and/or biochemical) processes into intermediate streams or products, of a comparable
or higher value than the initial products, and with no or minimal utilisation of virgin raw
materials. The technologies proposedwdt be able to work efficiently in a renewable based
energy system. They should also be able to cope with potential fluctuations in energy supply.

T

Proposals should consider the overall supply chain (i.e. plastic waste streams which are
widely available inEurope) to secure raw material supply, including potential sorting
needs.

The concepts proposed should yield intermediates of products of wide interest targeting
a number of industrial sectors (e.g. construction, automotive, textiles, etc.).
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1 Industrial aad market specifications should be considered, to demonstrate that the
targeted secondary raw material streams (and/or products) can replace fully existing
ones produced from primary raw materials.

1 Demonstration of the improved environmental footprinthef proposed intermediates,
products and processes, as well as other positive impacts should be provided using
relevant methodologies (e.g. LCA, LCSA, etc.). The prevention of upcycling of
hazardous substances and their elimination from the process stsbamisl be
considered.

1 The proposals are expected to address existing supply chains (including sorting
processes, if relevant), ensuring relevance of the proposed approaches to
solving/impove waste related issues and enhance waste valorisation in existing
European contexts.

1 Elements related to the replicability and scalability of the technology should be
provided. Along with the relevance of the proposed approaches to solving waste related
issues in existing European contexts.

1 Demonstration of the proposedncepts in an industrially relevant environment and at
an appropriate scale are expected. The integration of the proposed technology in existing
value chains and industrial realities would be an added value.

TWIN -TRANSITION -40-2021: Adjustment of Steeprocess production to prepare for the
transition towards climate neutrality

Expected outcomesProjects are expected to contribute to the following outcomes:

The new lowcarbon technologies bring along substantial changes concerning the internal and
extanal flows of energy and materials. This applies in particular for the most common
integrated steelworks, based on the conventioneBBF route with its thoroughly coordinated

gas and material network.

Scopetbc

TWIN -TRANSITION -41-2021: Improvement of he yield of the iron and steel making
route by recovering of metal contents from metal oxides

Expected outcomesProjects are expected to contribute to the following outcomes:

Recovery of metal contents from metal oxides both directly in the existinggiron process
(e.g. agglomeration of residues rich in metsaides to recharge in the melting process er re
charge of fines residues within DRI plant) and in a dedicated unit (e.gnptadlurgic unit
recovering the metals and Zn oxide by EAF/BOF resjdu

Scopetbc
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TWIN -TRANSITION -42-2022: Utilisation of biomass as coal and/or gas substitute in
existing steel processes

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Integration in steel plants of carbonisatigmyrolysis and gasification processes
designed for using biomass as coal and/or gas substitute in existing steel processes (coke
plant, sinter plant, BF, BOF, EAF)

Scope Thc
TWIN -TRANSITION -43-2022: Raw material preparation for clean steel production

Expeded outcomes Projects are expected to contribute to the following outcomes:

Projects related to to the two main ravaterials in the iron and steelmaking route: the-iron
ore and the scrap.

As regards iron ore, the availability of higinade iron ores isxpected to become a more
critical factor, as demand will increase. Therefore, technologies for the upgrade and the use
of low-quality iron ores are needed. This includes low carbon technologies for sintering/
pelletisation and/or cold bonded iron ore laggeration.

1 The research on scrap will focus on the best available and applicable technologies for
the reduction of impurities in pesbnsumer scrap. The aim is to remove these
impurities before melting, in order to achieve the same quality of the dohigfoduct
and reducing CO2 emissions. In addition, valorisation ofdomlity scrap streams is
one of the key elements for fostering a green transition of the steel production as a
whole.

Scope Thc

TWIN -TRANSITION -44-2021: Reducing environmental footpimt, improving circularity
in extractive and processing value chains (l1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
acces to primary raw materials and secondary raw materials, in particular critical raw materials
for EU industrial value chains and strategic sectors.

Projects are expected to:

1 Reduce environmental impact of extractive and processing value chains;
1 Developdemonstrators and pilot plants with a lower environmental impact;
1 Reduce environmental footprint and circularity of extractive and processing value chains;
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1 Developed methods, technologies and processes for mining and processing aiming at
significantly deceased emissions (CO2 and other emissions);

1 Significantly increase resource and energy efficiency, and increased circularity of raw
materials together with increased valorisation of extractive waste;

1 Contribute to meeting the goals of climate neutralityggudarity and zero pollution as spelled
out in the European Green Deal.

Actions are expected to contribute to the implementation of the following actions of the EU
action plan on Critical raw materials (reference, to be adopted in autumn 2020):

1 Use HorizorEurope funding for research into mining processes with minimal impact on the
environment and lifeycle assessment;

1 Support waste and extractive waste valorisation and energy efficiency throughentsal
cooperation and industrial symbiosis, involyithe mining industry.

Scope Actions should develop sustainable solutions to reduce dependence of extractive
activities on carbomelated energy sources and process emissions. They should also address
reducing materials use, water and waste valorisatiatl stages of the extractive and
processing cycle.

Actions should facilitate the market uptake of solutions developed through industriadly
userdriven multidisciplinary consortia covering the relevant value chain and should consider
standardisatioaspects when relevant.

Actions should justify the relevance of selected pilot demonstrations in different locations
within the EU (and also outside if there is a clear added value for the EU economy, industry
and society).

TWIN -TRANSITION -45-2022: Techrologies for a more efficient utilisation and
management of industrial waste watergRIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Provide novel process technologies for a more efficient management of industrial
waters, minimising the utilisation of freshwaters and maximising water reuse.

1 Provide clear advantages (economic, environmental, social, etc.) on state of the art
industrial waste water treatment processes (or relevant benchmark).

1 Maximise the recovery ofubstances and energy present in the waste water streams,
providing integrated solution for their valorisation (e.g. industry, urban districts, etc.).

1 Minimise energy use and foster utilisation of RES (if needed), coping with potential
fluctuations in theenergy supply.

1 Strong decrease GHG emissions in the overall lifecycle compared to existing for plastic
recycling (or relevant benchmark).
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Scope Energy intensive industry sectors utilise large amount of water in their operations,
requiring significant amant of fresh water resources and creating large amounts of waste
waters streams. These streams must be further processed requiring significant amount of energy
and infrastructure, as well as high investment in capex, operation and maintenance costs.
Furthe mor e, I ndustri al waste waters often cont
(e.g. organic matter, salts, phosphates, etc.) and residual heat which are not optimally valorised.,

The proposals submitted under this topic are expected to priovideative concepts for the
treatment of industrial waste waters, recovering energy and substances present (metals, organic
compounds, etc.) fostering reuse of this water in industry, therefore minimising the need for
fresh water and moving towards a clésep in industrial water utilisation.

- Proposals are expected to provide integrated technologies to carry out industrial water
purification through physical, chemical (and/or biochemical) processes and/or a combination
thereof, yielding water streamsagbpropriate specifications for reuse in industry (same or other
industry sectors).

- The technologires proposed should allow maximising the recovery of energy and substances
present in the water streams, fostering their valorisation. The technologiesgutoghould
minimise the energy consumption (compared to existing processes) and be able to work
efficiently in a renewable based energy system, coping with potential fluctuations in energy

supply.

- Replicability/applicability of the proposed solutiongdifferent industry sector should be
considered, along with the possibility to achieve integrated -sedsrial waste water
treatment concepts.

-Demonstration of the improved environmental footprint of the proposed processes, as well as
other positivempacts should be provided using relevant methodologies (e.g. LCA, LCSA,
etc.). The prevention of upcycling of hazardous substances (e.g. micro and nano particles)
should be considered as well as their separation and disposal.

-The proposals are expectedotove the relevance of the proposed approaches and their
applicability in existing European industrial and/or urban/industrial contexts.

-Elements related to the replicability and scalability of the technology should be provided.

-Demonstration of the proposed concepts in an industrially relevant environment and at an
appropriate scale are expected. The integration of the proposed technology in existing value
chains and industrial realities would be an added value.
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Section: Integration of Renewables and Electrification in process industry

[Expected impacts addressed#15 (Green), #6 (Industrial leadership)

Objective: Electrify Energy intensive industries and develop technologies to enable and support the
energy transition (gridervices, energy storage). Foster the achievement of a climate neutral, zero GHG
and pollutant emissions industry, moving away from fesagded energy.

Current status: The transition to a renewable energy system (PV, wind) is an essential element to curb
GHG emi ssions and fight <c¢limate change, as a maj
heavily fossil based energy system. This change in the energy mix brings about significant challenges

for industry, and especially for energy intensive stdas Electrification will be a key driver to utilise

directly renewable electricity in industry. For Energy intensive Industries this will represent a radical
step change, with the need to reinventtonshoei r pr «
flexible ones to cope with fluctuations in the energy supply. Furthermore, Energy intensive industries,

as heavy energy consumers, sectors will need to become active actors in the energy system, providing
grid stabilisation services and efficierdnewable energy storage technologies, to ensure energy
availability and power grid stability.

Achievements sought / targetsDevelopment of disruptive technologies for utilisation of renewable
electricity in the process industry. Integration of Energgniive industries as active actors in the
energy system (e.g. providing grid services, renewable energy storage).

9 Electricity powered processes and technologies (microwave, plasma, electrical furnaces,
photocatalysis, electrochemistry, etc.), managemgsiess for real time balancing of energy
demand and supply at cluster level, system integration of industry produced carbon and nitrogen
based energy carriers (e.g. methanol, ethanol, synthetic methane, hydrocarbons, ammonia, etc.) as
renewable energy stage sinks.

1 Resource and energy efficiency will be areas of strong focus, as will be the flexibility of industrial
processes (i.e. no steady state operations) and the minimisation of polluting emissions to the
environment

9 Digital technologies will also b the focus for all the R&I activities, for example management
systems for real time balancing of energy demand and supply at cluster level, to the extent required
to achieve the orientation for topics objectives.

Means/links: This orientation for topicsvill be implemented through several partnership initiatives
such as the eprogrammed partnerships Processes 4 Planet and Clean Steel, as well as the
institutionalised partnership on Hydrogen.

This orientation for topics will have strong links with otletivities in Cluster 4 (Advanced materials),
as well as with activities in Cluster 5 (Energy infrastructures, CCUS, Hydrogen). Shared activities with
these parts of the programme may be developed (e.g. Join{ calls).

Proposals are invited against thddaling topic(s):
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TWIN -TRANSITION -46-2021:New electrochemical conversion routes for materials and
chemicals manufacturing (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Efficient integration of renewable eleciticto drive the conversion process
Significant reduction of C@emissions
Energy savings compared to the classical production routes

Overall material (waste reduction) savings compared to the classical production routes

= =2 =2 =2

Competitive costs of the new reactor and its integration in the processing line, including
upstream and downstream

Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal.

Scope Renewable electricity will play a iwa role in the transition towards a low carbon
energy supply. The manufacturing of materials and chemicals through the direct use of
renewable electricity can be realised by electrochemical conveBesides the reduction of

CcCO e mi s si o nges of @ectitoehemical donversidn avith renewable electricity can
be the higher selectivity, process flexibility, or the possibility of conditions unattainable in a
conventional reactor.

At present, there are promising electrochemical routes towards aravige of products in
process industries. These include processes like hydrogenation of biomass into valuable
chemicals, recovery of metals from waste streams, electrosynthesis of organic molecules,
production of lime by electrochemical splitting, elegftm production of metals, (isitu)
production of hydrogen peroxide or ozone, etc.

Next to the low temperature aqueous electrochemical processes, high temperature
electrochemical processes, using ionic liquids or molten salts as electrolytes, offstinmgere
alternatives to the classical production processes as well opportunities for the development of
sustainable technologfaired synthesis, where two valuable products are generated through
the cathodic and anodic reactions, is an interesting apptoaelluce investment costs (per

unit product).

Proposals should address the following aspects:

- Optimisation of electrochemical parameters (current density, Faradaic efficiency,
overpotential);

- Increased lifetime or reduced cost of the electrochemicelaeeomponentgelectrode,
electrolyte, catalyst, membrane);

- Efficient integration of renewable electricity;
- Integration of oxidation and reduction reactions in one system;
- Development of more selective and efficient electrochemical catalysts.

The use of scarce materials or toxic materials must be minimiseds@&lod inert or low carbon
impact materials is a positive aspect.

Proposals submitted under this topic should includeafety assessment and a life cycle
assessment for the implementatiof the developed technologies.
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The proposed technology musit be based on conversion of £@s this subject is already
covered in other call topics.

TWIN -TRANSITION -47-2021:Novel high temperature heat pump technologies (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 More efficient high temperature heat pump technologies or solutions to drive industrial
processes at temperatures higher than 250 °C

Circular use of industrial heat sources for recovery anskref lowgrade heat sources

Significant reduction of C®emissions, combining the developed technology with
renewable energy sources

1 Cost reduction of high temperature heat pump technologies or solutions (> 250 °C) by
smart integration

Relevant indictors and metrics, with baseline values, should be clearly stated in the proposal.

Scope Today a large part dturopean process industries emissions originate from the use of
fossil fuels for heating purposeghe decarbonation of industrial heating @odling is thus
essential in the transition towards climate neutrality. Heat pumps have the capacity to use
electricity to produce more useful heat at a higher temperature from waste heat, with the
consequent reduction of noanewable final energy demarmhd related emissions. In
combination with renewable energy sources, heat pumps will play a major role in the
decarbonisation of industrial heating and the avoidance of thermal loads on the environment,
by achieving a circular use of he@he use of hegiumps also increases the energy efficiency

of processes significantly.

Currently (compression) heat pumps are commercially available that can deliver heat up to 100
°C. Research is devoted to increasing the temperature of the delivered heat up to 28@bove
°C, enlarging the range of industrial processes that can benefit from this technology. Although
the compression heat pump can potentially be developed for temperatures up to 250 °C, for
high temperature heat pumps (>250 °C), a range of other pringglessidered (e.g. based on
adsorption/desorption, thermoacoustic). A more efficient use of the industrial heat is achieved
when heat pumps are integrated in a specific process, which also allows the reduction of costs
of the technology integration inghndustrial facilities.

The implementation of novel industrial heat pump technologies will contribute to the CO
emission reduction targets to achieve climate neutrality by 2030 in terms ofstaige
demonstrators and for the eneiigyensive industras segment by 2050.

Proposals should address the following:

- Cost reduction of heat pump systetosimprove competitiveness against fodmsked
heating systems;

- Increased temperature of heat deliver256 °C), developing new working fluids for
advanced @at pump cycles, i.e. sorption, thermoacoustic and hybrid cycles;

- Development of compressor technolodimsheat pumps higher than 2%0;

- Smart process integration of heat pumpgh heat pump cycles integrated in specific
processes, using waste heatfi the process forovide process heat;
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- Easy integration with renewable energy (solar heating or electricity from renewable
production sources).

Proposals submitted under this topic should includsafety assessment and a life cycle
assessment for the ptementation of the developed technologies.

TWIN -TRANSITION -48-2022: Integration of hydrogen for replacing fossil fuels in
industrial applications (I1A)

Expected outcomesProjects are expected to contribute to the following outcomes:

1 Significant reduction of CO2 emissions
1 Improved energy efficiency

1 Significant reduction of hydrogen fuel needs of the developed process with regards to
the current fossil fuel needs

1 Proven economic viability
Relevant indicators and metrics, with baselvalues, should be clearly stated in the proposal.

Scope Hydrogen does not emit any carbon dioxide when used and, when produced with
renewable energies, it offers a solution to decarbonise industrial processes, being an important
enablertomeetthe205 cl i mat e neutrality goal of the Eu
energy transition. Hydrogen can be used as feedstock and energy carrier inirgeasiye

industry sectors.

Hydrogen presents an opportunity for European industry to reduce ersiasmass a number

of sectors. The integration of hydrogen into new production routes, the direct use of hydrogen
for heating and the use and production of GHG emissam hydrogen instead of carbon
intensive hydrogen will be fundamental to decarbonis®fean industry across a number of
sectors.

In energyintensive sectors, hydrogen can replace fossil fuels to generate high temperature heat
when combusted in furnaces/kilns. If GHG emisdi@e hydrogen is used insteadfossil

fuels, a zero GHG emissicheating process could be achiewisl.hydrogen burns differently

than the currently used fossil fuels, its use involves important changes to the furnaces/kilns or
the heating process, such as need of new buradjgstments in the combustion system,
corductive zone of the furnace or the (dfias system, need of hydrogen compatible materials.

The proposals should address one of the following aspects:

- Redesign of the heating process for the use of hydrogen as the sole heating fuel,
including redimensiong and adjustments of tlt@mbustion system, conductive zone
of the furnace or the (ofigas system;

- Modification of the heating equipment and infrastructure required for the use of
hydrogen, e.g., new burners and hydrogen compatible equipment materials;

- Integration of measurement and control instrumentation for detection and regulation of
fuel gas characteristics and flows;
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- Proven economic viability, which will be impacted by several parameters.

Proposals submitted under this topic should includsafeyy assessment and a life cycle
assessment for the implementation of the developed technologies.

TWIN -TRANSITION -49-2022: Design and optimization of energy flexible industrial
processes (IA)

Expected outcomesProjects are expected to contribute toft®wing outcomes:

1 Significant increase in flexibility of the process towards various energy sources:
dynamic operation instead of steady state operation

1 Significantly high response rate of the process, i.e., the rate at which energy
consumption can be increased or decreased depending on the energy availability

1 Development of digital tools accounting for the energy availability and the additional
flexibility of the process

Overall increased energy efficiency of the process within the energy system

Cost reduction of the overall process through valorisation of excess streams into the
energy system

1 Production flexibility linked to cheap and green energypsup
Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal

Scope Flexibility solutions are key to achieve the EU renewable energy target of at least 32%
for 2030. In the coming year&uropean ndustries will needo adapt to the increased
fluctuations in energy supply caused by the higher penetration of variable energy sources.
Besides, an integrated energy system, linking different energy carriers, infrastructures and
consumption sectors in Europe, will be setdeliver climate neutrality by 2050 in a cost
effective wayThe increased value of flexibility will offer competitive opportunities for process
industries (additional revenue streams) and enable a leaner energy system.

Process flexibility and efficientnergy storage are keg account for the variable renewable
energy productionWhen less energy is available, process industries can consume less energy
or take it from storage; whereas, when there is surplus of energy, the excess energy can be
consumed ostored. To leverage the existing flexibility in the process industries, digital process
control systems that optimise the process while accounting for the value of flexibility need to
be implementedThe better integration of the European energy systelinra@guire greater
flexibility. Moreover, the direct integration of renewable energy generation and use for higher
overall efficiencies will need further flexibility solutions in process industries.

To respond to the additional flexibility demand, curgenuicesses designed to run continuously
at maximum capacity can be (partially) redesigned or modified. Onsite storage in the form of
electricity, heat or other energy vectors ca

Proposals should address thbowing aspects:

- Identification of potential flexibility in an existing process, which allows an efficient and
competitive operation;

Part 99- Page73 of 386



Horizon Europe- Work programme 20212022
Digital, Industry and Space

- Redesign and modification of the process to enable more flexibility in operatigpn (
process that can run faster toveer depending on the needs of the gndgjuding the
removal of process steps that limit the flexibility;

- Development of hybrid solutions that allow processes to run at maximum capacity, on a
combination of both renewable and traditional energy sources;

- Development or redesign of digital process control systems to account for the flexibility
of the process,ral in connection to energy grid integration platforms;

- Optimisation of the new process design at pilot scale.

Onsite energy storadelectricity, heat, or other energy vectarah be also part of the proposed
flexible solution.

Proposals submitted under this topic should includsafety assessment and a life cycle
assessment for the implementation of the developed technologies.

TWIN -TRANSITION -50-2022: Hydrogen as chemical feedstock in process industries
(IA)

Expected outcomesProjects are expected to contribute to the following outcomes:

- Significant reduction of C@emissions

- Integration of GHG emissioffree hydrogen in the manufacturing of the product
(material, chemical, fuel)

- Competitive process developed for the newdpation route, which is optimised within
the processing line

Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal.

Scope Hydrogen does not emit any carbon dioxide when used and, when produced from
renewable engy sources, it offers a solution to decarbonise industrial processes, being an
important enabler to meet the 2050 climate neutrality goal of the European Green Deal and
Europeds clean energy transition. Hy dim ogen
energyintensive industry sectors. The integration of hydrogen into new production routes, the
direct use of hydrogen for heating and the use and production of GHG enfiissittydrogen

instead of carboimtensive hydrogen are fundamental to decarl®oBisopean industry across

a number of sectors.

Nowadays, hydrogen is largely used in industrial sectors such as the chemical industries and
refineries. In addition to the current processes, thezalifferent production pathways under
development usindgiydrogen as a chemical feedstock in Joarbon industrial processes.
Hydrogen could be used as reducing agent in the production and recovery of metals, biomass
optimisation or in new process routes for the production of platform chemicals and synthetic
fuels (from captured C®and biomass). Using renewable hydrogen as chemical in these new
processes will lead to major GHG emission reductions.

The proposals should address the following aspects:
- Development of a new production route using hydrogen as chefaedstock;
- Design of the production process coupled with green hydrogen production onsite;
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- Efficient integration of the new process into the processing line, including downstream
and upstream;

- Proven economic viability of the process, which wilitmpacted by several parameters
including the value of the bgroducts.

Proposals submitted under this topic should inclugafety assessment and a life cycle
assessment for the implementation of the developed technologies.

TWIN -TRANSITION -51-2022: Modular and hybrid heating technologies in steel
production

Expected outcomesProjects are expected to contribute to the following outcomes:

Flexibility actions involving materials and energy supplied, use a wide control range of heating
capacity by modulardating technologies such local regenerators, and of hybrid heating, based
on both fuel gases and electricity. Integration of fuel cells of alternativébasall products for
nonfossil coke, as well as increased use of-fumsil energy and reactants (egreen
electricity for heat generation, biomass, green hydrogen) in downstream processes.

Scopetbc

TWIN -TRANSITION -52-2022: Adjustment of Steel process production to prepare for the
transition towards climate neutrality (RIA)

Expected outcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by improving
energy efficiency in raw materials value chains.

The projects are expected to:

1 Significant reductiorof CO2 emissions in metallurgical process of steel and other
metals by emissions by 2050 by at least 80 to 95% compared to 1990 levels;

1 Improve energy and resource efficiency and increase utilisation of renewable energy
sources in metallurgical processes;

Development of demonstrators for such technologies and their uptake by the industry;
Accelerate the transition of processing industry to adavibon and circular economy;

Contribute to a successful transition to a climaeatral and circular economy;

= = =4 =4

Enabling steel and non ferrous metals production through carbon direct avoidance
(CDA) technologies at a demonstration scale;
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1 Fostering smart carbon usage (SCOarbon capture) technologies in steelmaking
routes at a demonstration scale;

1 Increasing theecycling of steel scrap and recovery of other metals from waste and
secondary streams (residues, slags, scraps);

Demonstrating clean steel breakthrough technologies;
Development of demonstrators for such technologies and their uptake by the industry;

Accederate the transition of processing industry to a-t@asbon and circular economy;

= =_ =4 =4

Contribute to a successful transition to a climraeatral and circular economy.

ScopeThe Commi ssionds Strategic Vision AA Cl ea
emissions reductions in the steel sector are possible through a combination of technological
pathways, including steel recycling, carbon capture utilisation and storage, process

integration, and electricity/hydrogdrased metallurgy.

While energy intensithas reduced significantly over the past decades, the steel industry
remains a large source of emissions (220 Mt CO2 in 2010) due to preferred use of coal and
energy needed to reduce iron oxides.

With alternative pathways used with green electricity andrggases, the emissions can be
further reduced so that these pathways could achieve CO2 reductions of up to 95% by 2050
compared to 1990 levels.

There is no one solution to achieve @02 steelmaking, as there will be a variety of
production technologias the future (DRI with hydrogen from electrolysis, electrowinning
and CCS are amongst the technology options for emission efficiency).

Material efficiency in manufacturing (e.g., through reducing yield losses in blanking and
stamping sheet metal or-using old structural steel without melting) included increasing the
recycling of steel scrap and residues will also play a key role as well as Energy and resource
efficiency (e.g., through furnace insulation, process coupling, or increased material recycling)

The EU norAferrous metals sector has the potential for an 81% overall reduction in

greenhouse gas emissions (vs. 1990 levels), once indirect emissions have been eradicated in a
decarbonised EU power sector and the clirmatigtral transition pathway coudthcompass
breakthrough technologies as follows:

1 New digitisation and automated process management and energy efficiency in
furnaces;

1 Innovation in electrolysis process such as inert anode technology for further efficiency
gains of up to 20% and direct essions reduction while reducing energy use;

1 Further electrification of pyrometallurgical processes and/or shift to
hydrometallurgical processes in smelting processes;
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1 Shifts to biebased energy and bfeed in norferrous metals industry, specifically for
recovery of metals from smelting slag or leaching residues;

1 Non-carbon reducing agents/hydrogen for pyro smelting processes (e.g. copper) and
for recovery of metals from smelting slag or leaching residues;

1 CCUS in silicon and alloys production;

1 New hydroméallurgical and pyrometallurgical technologies to recover metals (incl.
precious and rare) from waste and secondary streams (residues, slags, scraps).

Additional comments:

It is essential that most promising breakthrough technologies are tested atahdoate
demonstration as soon as possible in the coming decade.

External factors not directly controlled by the industry will play a crucial role, most
importantly access to CGA2w energy/electricity and feedstock, as well as CO2 storage
capacity at affadable prices.
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DESTINATION 27 A digitised, resourceefficient and resilient industry

The European Union has the ambition to turn into a climateéral, circular, nontoxic and
competitive economy by 205t addition,the COVID-19 crisishasillustratedthe need to
strengthen the resilience of the Ftarting with tackling missing segments in key value chains
and increasing its ability to bounce back from a shddks will also be an opportunity
accelerate the twin digital and green transisi.

Meeting the objectives of a digitised, resoueficient and resilient industryequiresa
systemic approach to research and innovasittengthening crossectorial cooperation along

the value chain, maximising the valorisation of wastgproducts and the reduction of
emissions at value chain level. This destination will focus on sectors, products and materials
that have the highest impacts, including promoting value chain structuring to foster an increased
utilisation of secondary raw aerials, while reducing waste and the overall carbon footprint in
energyintensive industries and related value chaB8IEs arecentral to dynamic industrial

i nnovation ecosystems, and play an i mportant
transition.More needs to be done to improve their resilience to shockhainébility succeed

in a postshock environment, as well as betteanage value and supply chain disruptions,
support agilebusiness models, leverage new opportunities in key stmag, in close
cooperation with activities foreseen under Pillar 111.

As the green and digital transition progressesess to primary and secondary raw materials,

in particular critical raw materialsyill remain, more than ever, \atal prerequisite dr both
Europeds strategic autonomy a-nedtraland itcidac e s s f u
economy. Yet today, the EU is highly dependent on third countries for the (critical) raw
materials it needs for key strategic value chgamsl significant ulnerabilities persist in the

entire EU raw materials value chain, from sustainable and responsible exploration, extraction,
processing to recycling.

New advanced materials, which are O0sustainahb
are essentlan the fastpaced techological progress awide range of industrigbrocesses and

consumer products. Further advancesmateriab development and in the underlying
ecosystemsyill be essential to meet the challenges of climate neutrality, tramsitia circular

ecanomy, and zero pollution. In additipEurope needs to strengthen its capacity to produce

and use chemicals in a sustainable and competitive Aasyghemical and related materials
production is expected to double globally by 2030, itigalar outside Europealevelopments

in these areasvould help Europevercome its reliance on imports of basic chemieald

support resilience.

This destination will directly support the following Key Strategic Orientations, as outlined in
the Strategic Rn:

3 such aduel cells, batteries, solar and wind energies, robotics, drones and digital technologies.
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C , Making Europe the first digitally led circular, climate -neutral and sustainable
economy through the transformation of its mobility, energy, construction and
production system&

A, Protnoting an open strategic autonomy by leading the development &ey
digital, enabling and emerging technologies, sectors and value chatesaccelerate
and steer the digital and green transitions through hwgeatred technologies and
i nnovations. 0

D, Creéting a more resilient, inclusive and democratic European scgly, prepared

and responsive to threats and disasters, addressing inequalities and providing high
guality health care, and empowering all citizens to act in the green and digital
transitions. 0

Proposals for topics under this Destination should set owgdible pathway to contributing
to a digitised, resoureefficient and resilient industry, and more specifically to the following
expected impact of Cluster 4:

T

Industrial leadership and increased autonomy in key strategic value chains with
security of sumly in raw materials, achieved through breakthrough technologies in
areas of industrial alliances, dynamic industrial innovation ecosystems and advanced
solutions for substitution, resource and energy efficiency, effective reuse and recycling
and clean pmary production of raw materials, including critical raw materials

This Destination is structured into the following sections:

Novel paradigms to establish resilient and circular value chains

Raw materials for EU strategic autonomy and successful t@msitia climateneutral

and circular economy

Green and Sustainable Materials

Materials for the benefit of society and the environment and materials for decarbonising
Industry

Materials and data crossitting actions

Improving the resilience and preparednesd EU businesses, especially SMEs and
Startups

The following call(s) in this Work Programme contribute to this Destination:

The Destination structure and the allocation of topics to calls and year
will be decided at a later stage.
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Section: Novelparadigms to establish resilient and circular value chains

[Objective: Develop sustainable counterparts to carbon intensive products (low carbon steel,
cement and chemicals, etc.), contributing to the zero pollution and carbon neutrality ambitions.
Promotevalue chain structuring to foster an increased utilisation of secondary raw materials,
while reducing waste and the overall carbon footprint in erergysive industries and related
value chains.

Current status: Process industries (e.g. chemicals, steel, cement, minerals affermus
metals, etc.) are key industrial sectors as they are central to virtually all value chains.
Nonetheless, they are also known to be high energy and resource intensive, beirggblespon
for 20% of global GHG emissions, significant waste creation and resource depletion.
Decreasing emissions and promoting circularity in these sectors will be critical to achieve the
2030 EU objectives and require action at value chain level.

Achievements sought / targets Develop the necessary technological and-temhnological
elements (e.g. business models) to underpin the creation of novel low emission and circular
industrial value chains. Develop the information exchange platforms to ensurellthe fu
traceability of products and materials along the value chain, to provide a solid and transparent
base to assess the environmental footprint of products. Focus areas will include:

1 Novel business models to strengthen cissstorial cooperation along thalue chain
towards enhanced circularity and greenhouse gases emissions reductions (e.g. process
industry i chemicals, steel, cement, minerals and-fesrous metals, manufacturing
industry, waste management and recycling industries).

1 Novel technologies tanaximise the valorisation of waste, by products and reduce
emissions at value chain level (sorting, disassembly, recycling, etc.), ensuring the
increased utilisation of secondary raw materials, into intermediates and finished
products.

Strong focus willbe given to R&I to provide sustainable counterparts to caittensive
products (low carbon steel, cement and chemicals, etc.), following design for circularity
(material design for safety, durability and recyclability) and safety by design prin@dgisl
technologies will be crucial to achieve the objectives of this orientation for topics, for example
in terms of ICT platforms and data exchanges to ensure traceability and transparency of
products and materials along the value chains, to providéelabssle to assess the real footprint

of products

Means/Links: This orientation for topics will be implemented through several partnership
initiatives such as the garogrammed partnerships Processes4Planet, Made in Europe and
Clean Steel, as well as thesiitutionalised partnership on Hydrogen. Other relevant
programmes include: Innoenergy, EIT KIC Raw Materials. This orientation for topics will have
strong links with other activities in Cluster 4 (Manufacturing), as well as with activities in
Cluster 5 (Bergy infrastructures, CCUS, Hydrogen) and Cluster 6 (Circular Economy). Shared
activities with these parts of the programme may be developed (e.g. Joint calls).
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Proposals are invited against the following topic(s):

RESILIENCE -01-20221 Ensuring circularity of complex multi -material products in
energy intensive value chaingRIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate a reduction of greenhouse gas emission through reuse of materials
1 Demonstrge circularity of complex mukimaterials products
1 Demonstrate competitiveness of the approach

Scope Complex multimaterials, such as composites and consumer products have a wide use
in todays applications and their use continues to increase. Nevestheleeir recycling
represents a key challenge for energy intensive value chains. The main problem in recycling
multi-material products is related to the difficulty in separating their components. It is thus
important to find new ways for their separatiand sorting. At the same time, while
multimaterials processing can be costly due to their complex structure, new solutions should be
envisaged to allow their recycling with very few or no need to separate them without a
compromise to downcycling.

Projectsshould:

1 develop and integrate novel solutions for a higher recycling and recovery of secondary
raw materials

1 develop and integrate novel solutions for a higher reuse of whole products and
components (i .e. product soyaceusability,

1 propose innovative dismantling and sorting systems enabling functional recycling of
complex multi materials

Where relevant, any solution proposed for the reduction of the content of toxic elements or
compounds in the resulting materials should atelude the appropriate management of the
hazardous substances removed. Special attention should be paid to the definitive treatment of
hazardous components from materials. They should be removed from the environment in a
definite way via safe sinks a@ppropriatetreatment.

Finally, the projects should provide contributions to standardisation. Guidelines for acceptable
and noracceptable combinations of materials in function of recycling should be developed as
well.
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RESILIENCE -02-2022: Circular and low emission value chains through digitalisation
(RIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

1 Demonstrate an increase in the waste reduction by application of digital technologies
1 Demonstrate optimisation of use efcendary raw materials in the value chains.

Scope Circularity is an essential part of a wider transformation of industry towards climate
neutrality and longerm competitiveness. It can deliver substantial material savings throughout
value chains and pradtion processes, generate extra value and unlock economic opportunities.
While circularity is in simple terms addressed by waste from one process becoming secondary
materials for others, an efficient use in the value chain in order to close the logs®irre

other industries, can be ensured only through a transparent information system. There is thus a
need for designing and piloting an information system for raw materials and components in
products throughout the whole value chain of process industries

Proposals should:

1 Propose new solutions for improved use of secondary raw materials along the value
chain of the own industry or in other industries

1 Propose methodologies for digital tracing and certification of secondary raw materials.
This should include redglme access to information on material compositions and
material quality along the whole value chain,

1 Propose digital tools for integration pfoduct passport and/or certification schemes

1 Propose open source software, open hardware design, and easy access to data, in order
to facilitate access to information for the own and for other industries

91 Develop a bacode for recycled materials indiaagj the composition and origin.

Finally, the projects should whenever possible contribute to standardisation.

RESILIENCE -03-2022: Innovative business models for circular value chains (I1A)

Expected OutcomesProjects are expected to contribute to thim¥ahg outcomes:

1 Strengthening collaboration along the complete value chain, from supgplycess
industries, manufacturing, to waste and recycling industries

1 Demonstrate contribution to the Next Generation EU (recovery plan).

Scope While a lot of techrdal progress has already been done along value chains, to contribute
to more sustainable industries and products, contributing thus to circular economy, promoting
a circular business model, depends a lot on the type of collaboration which is ofteneimeffici
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since it varies a lot in the type of actors involved in the value chain. In order to ensure circularity
along the value chain, the product path has to be clearly specified from the beginning, at the
stage of the supply chain. Projects are expectptbfmose new products that can follow a clear
path from the supply until the recycling, closing the loop to ensure circularity. This new model
has to include all stakeholders involved in the value chain to ensure circularity and could be
based on smart spgatisation.

Proposals should:

1 Develop integrated co$tenefit simulation tools that, can determine the best utilisation
options of recovered waste and their reintroduction in the value chain

1 Include clear business model development and a clear pattatedimnd deployment.
Key partners should have the capability and interest in making the developed solution a
core part of their business/service model to their clients.
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Section: Raw materials for EU strategic autonomy and successful transition to a climate
neutral and circular economy

[Expected impacts addressed#15 (Green), #6 (industrial leadership and autonomy}),8#
(Digital and emerging enabling technology sovereignty} @pace)

Objective: Develop 10 pilot plants for raw materials to products v the whole raw
materials value chain: exploration, extraction, processing and recycling.

Current status: Access to primary and secondary raw materials, in particular critical raw
materials is a vital pr er e q andasa sutcessfudl tbansitidmo t h
to a climateneutral and circular economy. Demand for raw materials will contininetease

in the future as the EU transforms towards a green and digitised economy. Yet today, the EU is
highly dependent on third countries ttve raw materials, especially critical raw materials, it
needs for its strategic value chains (such as fuel cells, batteries, solar and wind energies,
robotics, drones and digital technologies). Significant EU vulnerabilities remain in the entire
EU raw materials value chain, from sustainable and responsible exploration, extraction,
processing to recycling. A wide range of actions will address these vulnerabilities involving
actors from the whole EU raw materials innovation chain, including researcluerstrin end

users, public authorities and civil society.

Achievements sought / targetsimprove knowledge base on EU primary and secondary raw
materials deposits and material flows, develop exploration, extraction, processing and recycling
capacity for rawmnaterials, especially critical raw materials for European strategic value chains
allowing the industry to diversify and secure their sourcing through domestic supplies (in the
mediumtermi 2030). Enable downstream industries' secure and sustainablespoasible
access to raw materials ensuring EU autonomy in sourcing; improve competitiveness of EU
raw materials and the related strategic value chains; improve environmental and social
performance of the raw materials sector; and improve public awaracesptance and trust.

This will enable a successful transition to a clirragetral and circular economy (in the leng
termi 2050). Additionally, this will also contribute to the implementation of the Sustainable
Development Goals (SDGs), notably SDGR&sponsible Consumption and Production'. R&l
solutions and cooperation platforms are envisaged for the following:

Exploration (deeper exploration, improving data from existingmioied sources, checking
possibility of further use of developed resourceteliigence, traceability of raw materials and
material flows in the economy and eofilife products).

Promotion of responsible and sustainable sourcing of critical raw materials for strategic value
chains, including data transparency, traceability andfiaility, level playing field of
responsible and sustainable strategic value chains and cooperation platforms with-resource
third countries, including extraction, processing and refining of critical raw materials.

Primary sourcing of raw materialgechnologies for extraction (including from deeper
deposits), processing and refining (especially of lower grade ores), ) and recovery of raw
materials and waste handling of mining and refining operations.
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Secondary raw materials: technologies for raagcincluding sorting, separation, purification
and high quality safe recycling loops from eofdife products.

Substitution of raw materials: developing substitutes of critical raw materials with other less
critical materials.

Means/links: Theorientation for topics will be partly implemented through theoomgrammed
partnerships Processes 4 Planet and Clean Steel. This orientation for topics will have links with
the activities in Cluster 5 (Batteries) and Cluster 6 (Circular Ecoppmy

Proposils are invited against the following topic(s):

RESILIENCE -04-2021:ldentifying future availability of secondary raw materials (RIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achievihg expected impacts of the destination by increasing
access to secondary raw materials, in particular critical raw materials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Improve knowledge base of European and thiodintry secondary raw materials
(potential, production and refining);

1 Promote the utilisation of specifications of the United Nations Framework
Classification for Resources (UNFC) to Anthropogenic Resources approved ) 2018

1 Facilitate and accelerate corarial exploitation development of EU secondary
resource recovery projects EU domestic secondary raw materials projects;

1 Support identification of the key factors, drivers and barriers affecting development of
a recovery project, and enable comparisoniftér@nt options and projects;

1 Develop reports on future trends in raw materials markets. The trends should be linked
with change of demand related to the transition to adaseon and circular economy;

1 Facilitate identification of supply and demand lestecks of future secondary raw
materials supply;

9 Dissemination and exploitation of projects outputs is tailored for EU institutions,
Member States and industry dealing with raw materials.

1 Actions areexpected to contribute to the implementation of thiewahg actions of the
EU action plan on Critical raw materials (reference, to be adopted in autumn 2020):

1 Develop the EU raw materials intelligence, strategic planning and foresight capacity by
2022;

4 https://lwww.unece.org/energywelcome/are&svork/unfc-andsustainableesource
management/applications/urdnd-anthropogenigesources.html
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1 Map the potential supply of secondary raw materials fweaste and stock in the EU
including its regions and help identify viable recovery project for funding by 2022.

Scope A successful transition to a climateutral, circular and digitised EU economy relies

heavily on a secure supply of raw materials.rheo to strengthen EU autonomy and reduce
overdependency, we must boost domestic sourcing, both for primary and secondary raw
materials.

The action should be based on a common understanding of relevant terms and codes, and
develop an understanding of anthropogenic resources and derive the needed aspects for
classification of recovery projects and to develop criteria for a transparentsteahsand

objective classification, needed to establish a comprehensive resource classification approach.

The action should identify future availability of secondary raw materials based on collection
and classification of relevant data and informatioa imarmonised UNFC format. The action
should built on and advance further the work of UNECBJUNFC expert group on
Anthropogenic resources regarding the classification of secondary raw materials and the work
of H2020 project PROSUBIregarding collection oflata and information on secondary raw
materials. The action should develop a proposal for EU statistics for secondary RM.

The focus is on the following streams of secondary critical raw materials: waste batteries,
WEEE, mining waste, slags & ashes, corcdtan and demolition waste and others.

All the data and information generated through these actions should be shared in open formats
on a free of charge basis with the European Commission, for its own use and for publication.

RESILIENCE -05-2021: Developng climate-neutral circular minerals and metals (I1A)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by providing
advanced solutions faesource efficiency, effective reuse and recycling of secondary raw
materials, for EU industrial value chains and strategic sectors.

Projects are expected to:

1 Scale up promising raw materials recycling from-efiife products technologies

1 Develop demortsation pilot showing that raw materials can be produced in an innovative
and sustainable way in order to make sure that research and innovation end up on the market,

1 Strengthen the competitiveness of the European raw materials industries, meet ambitious
energy and climate targets for 2030, minimise environmental impacts and risks, maximise
circularity or resources and gain the trust of EU citizens in the raw materials sector.

5 http://www.prosumproject.eu/
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Scope Securing the sustainable access to raw materials, including metasyi@dmninerals,
wood and rubbetbased, construction and fordssed raw materials, and particularly Critical
Raw Materials (CRM), is of high importance for the EU economy. Complex primary and
secondary resources contain many different raw materia¢st ptocessing, reuse, recycling
and recovery schemes are complex and imply different steps, ranging from collection,
logistics, sorting and separation to cleaning, refining and purification of mat

The action should develop and demonstrate innovativespitotthe clean and sustainable
production of norenergy, noragricultural raw materials in the EU from eatilife products,
such as waste electrical and electronic equipment (WEEE), batterieshased panels, muiti
material paper packaging, enttlife tyres, etc., finishing at Technology Readiness Levels
(TRL) 6-7.

The action should contribute to building the EU knowledge base of secondary raw materials by
feeding into the EC Raw Materials Information SysieRMIS.

The action should also contributeimproving the awareness of relevant external stakeholders

and the general public across the EU about the importance of raw materials for society, the
challenges related to their supply within the EU and about proposed solutions which could help
to improve society's acceptance of and trust in sustainable raw materials production in the EU.

The action should facilitate the market uptake of solutions developed through industrielly
userdriven multidisciplinary consortia covering the relevant valuerchad should consider
standardisation aspects when relevant.

The action should justify the relevance of selected pilot demonstrations in different locations
within the EU (and also outside if there is a clear added value for the EU economy, industry
andsociety).

The action should include an outline of the initial exploitation and business plans (with
indicated CAPEX, OPEX, IRR and NPV62) with clarified management of intellectual property
rights, and commitment to the first exploitation.

Actions should Bvisage clustering activities with other relevant selected projects for- cross
projects ceoperation, consultations and joint activities on cragi$ing issues and share of
results as well as participating in joint meetings and communication events. sTenthi
proposals should foresee a dedicated work package and/or task, and earmark the appropriate
resources accordingly.

RESILIENCE -06-2021:Building EU-Africa partnerships on sustainable raw materials
value chains(CSA)

Expected OutcomesProjects arexpected to contribute to the following outcomes:
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Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary and secondary raw materials, in particular critical raw materials for EU
industrial value chais and strategic sectors.

The project results are expected to:

1 Steer the development of strategic partnerships forAEUr i ca i ndustri al |
integration, covering exploration, extraction, processing, refining and recycling (if
refining capacitys in place);

1 Improve sustainability (especially environmental and social aspects) in the mining and
metal recycling sectors in Africa;

1 Limitillegal and ethically doubtful supply chains and activities;

1 Develop knowledge on raw materials potential in Afribat will facilitate investment
and business decisions;

1 Reduce EU vulnerabilities in raw materials sourcing;

1 Diversify EU supply chains from third countries for raw materials, especially for critical
raw materials;

1 Contribute to connecting different setolders of raw materials value chains, including
final users.

The project should build on and explore synergies with previous and ongoing EU funded
projects for Africa and existing trustworthy EU and international initiatives, covering raw
materials valuehains.

Dissemination and exploitation of projects outputs is tailored for EU and African organisations
and industry dealing with raw materials.

The action is expected to contribute to the implementation of the following actions of the EU
action plan orCritical raw materials (reference, to be adopted in autumn 2020):

T Promote responsible mining practices thro
grammes, in particular those related to the sustainable development of the informal
sector (Artisanal an8mall Scale Mining), which has become of strategic relevance in
this field;

1 Strengthen the local governance and business environment, together with other
institutions and devel opment partners (EI
The focus should bencsupporting the informal sector, and to promote and disseminate
responsible business practices.

Scope Actions should include:

1 Anin-depth analysis of critical raw materials potential in Africa and existing processing
and refining capacities;

1 Mapping andassessing investment opportunities in strategic raw materials value chains
in Africa, considering factors as existing potential, availability of infrastructures, good
governance and regulatory issues;
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1 Developing new business models to integrate EU and Africa raw materials value chains,
considering horizontal and vertical integration;

1 Developing a strategy for integration for EU and Africa value chains for the energy and
digital transition;

91 Building an EU and Africa business networking with upstream and downstream
companies;

1 Carrying an indepth analysis on financial instruments and investment funds and loans
available at member state, EU and international levels for the Africa region.

All the data ad information generated through these actions should be shared in open formats
on a free of charge basis with the European Commission, for its own use and for publication.

RESILIENCE -07-2021:Building primary raw materials intelligence and foresight
capahlity in the EU (RIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials, in particular critieal imaterials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Improve knowledge base of European and third country primary raw materials
(potential, production and refining);

1 Promote the utilisation of UNFC and UNRM&porting standards in the raw materials
sector;

1 Accelerate development of EU domestic raw materials projects;

1 Develop reports on future trends in raw materials markets. The trends should be linked
with change of demand related to the transition to adatwon and circular economy;

1 Facilitate identification of supply and demand bottlenecks of future raw materials
supply;

91 Dissemination and exploitation of projects outputs is tailored for EU organisations and
industry dealing with raw materials.

The actionis expected to contribute with intelligence and foresight capability to the
implementation of the EU action plan on Critical raw materials (reference, to be adopted in
autumn 2020) and to support future foresight work of the Commission related to ravalsater

ScopeActionsshoudmmp Eur opean and third countriesod
materials potential and raw materials production and refining capacities in a harmonised form,
using UNFC (United Nations Framework Classification for Resources) andMi3NRnited
Nations Resource Management System). The action should also contritudernstanding
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EU and global raw materials supply chains and systems and deliver reports on future trends in
raw materials markets on climate goals and in geopoliticaegon

Actions should contribute to improving the awareness of the general public across the EU about
(a) the importance of raw materials for a successful transition to a clmaateal and digitised
economy and society, and (b) the ensuing need for @wesesustainable, and responsibly
sourced supply of raw materials, including from domestic sources to strengthen EU strategic
autonomy and reduce ovdependence on third countries.

All the data and information generated through these actions shouldred ghopen formats
on a free of charge basis with the European Commission, for its own use and for publication.

RESILIENCE -08-2021:Building innovative value chains from raw materials to
sustainable products(IA)

Expected OutcomesProjects arexpected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials, in particular critical raw materials for EU industrial value
chains and stratégsectors.

Projects are expected to:

1 Developresilient critical raw materials supply chains for theebility and renewable

energy ecosystems and strategic sectors, as defencepaemand ICT;

Increase the EU raw materials supply capability andcsdkie;

1 Create new market opportunities for mineral raw materials sustainably produced in the
EU;

1 Build innovative value chains establishing a direct link between the raw materials
producers and the enders.

=

Scope Actions should develop innovatiand sustainable technology and business solutions
finishing at the level of Technology Readiness Levels (TR8)fér new high value added

and sustainable products with enhanced functional properties based on the EU produced raw
materials. The industrialhyand usedriven multidisciplinary consortia should cover industry
players along the relevant value chains starting from raw materials to products. The focus is
on raw materials necessary for thmebility and renewable energy ecosystems including

battey raw material§ strategic sectors, as defence and-apaxe; or on critical raw

material$, such as rare earths elements for highly performant permanent magnets.

6 Refernce: BAP??
7 Reference to the list of CRMs2020
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RESILIENCE -09-2022: Monitoring and supervising system for exploration and future
exploitation activities in the deep seéRIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials, in parge critical raw materials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Develop technologies and systems to continuously monitor environmental impacts and
mitigation methods of deep sea exploration and future mining;

1 Provide technological and systemic solutions for forecasting potential environmental
impacts of using the developed monitoring and mitigation methods;

1 The action is expected to contribute to the implementation of the following actions of
the EU action planmCritical raw materials (reference, to be adopted in autumn 2020);

Use Horizon Europe funding for research into mining processes with minimal impact on the
environment and lifeycle assessment.

Scope The global economic interest on desga mineral reswces has been growing and so

it is the concerns with the negative impacts on the deep sea ecosystems if mining activities
start. The expected increase on the global demand for metals needed for the energy transition
might become a driver to initiate comml deep sea mining, paved by the technological
advancements. However, before any dsep mining activities start, the environmental

impacts, and how to mitigate it, need to be well understood; a robust legal framework needs to
be in place and a reliablnd transparent monitoring and supervising system for the activities
taking place in the deegea has to be ready. For the sake of transparency and to properly
assess the environmental consequences of the activities taking place in the deep sea over time
it is crucial to develop and to put in place a system capable of continuous monitoring, so the
permitting and supervising authorities can access it remotely and at any moment. The project
should design and develop a reliable and robust monitoring gmectnen system for the

exploration and future exploitation activities in the deep. Before the monitoring and

inspection systems are used a forecasting impact on the environment of these activities should
be performed. Therefore, projects should delaggropriate technological and systemic

solutions for such forecasting assessments.

A monitoring and inspection system for the activities taking place in the deep sea is very
complex because the activities take place in remote areas, in the middle oéahe and in

extreme environment, deep water column and consequent pressure and fragile ecosystems. The
system needs to be fully transparent and capable to monitor all environmental parameters and
at the same time respecting business confidentiality. @tleetcomplexity of such system, the
project has to be developed by a multidisciplinary team, looking at environmental, legal and
technological solutions. The project will 1) identify all the-bleemicalphysical parameters to

be monitored at the bottonf the sea, along the water column and at the surface; 2) identify all
technical requirements needed for a real time monitoring of all parameters at the bottom, along
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the water column and surface, including the use of satellite data (Global NavigatiditeSatel
System and Copernicusdé satellite constell at:i
access; 3) identify existing technological solutions and develop new ones to fulfil the technical
requirements; 4) design and develop the architectutreeafystem in view of incorporating the
monitoring parameters, the technical requirements and the legal constrains; 5) Develop a trial
version of the system and test it.

RESILIENCE -10-2022: Streamlining crosssectoral policy framework throughout the
extractive life-cycle in environmentally protected areagCSA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primgrraw materials, in particular critical raw materials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Exchange of good practices in permitting procedures related to extractive activities
that may have an impact in environmedly protected areas;
91 Dissemination and exploitation of projects outputs is tailored for competent EU,
national and regional authorities, industry and civil society in EU Member.
Scope Reconciling the increasing demand for Critical Raw Materials necessary for the
climate neutral ambition of Europe, with nature protection, restoratiobiadversity
growth, requirestrengthening the raw materials policy framewadstreamlining more
efficient, effective and transparent permitting procedures throughout mineral extraction life
cycle in environmentally protected areasuld contribute to securing the sustainable access
to primary raw materials, whilst taking into account and reconcikagirements in
environmentally protected areas.

The actions should contribute to the exchange of good practices in permitting procedures related
to extractive activities that may have an impact in environmentally protectedregshould

focus on reiewing good practices at the permitting stage in areas such as evaluating natural
background conditions previous to the mineral extraction, evaluating the impact on human
health and biodiversity, as well as foreseen nature protection and restoratioresieasur

The actions should analyze cresectorial policy coordination and integration covering
economic, environmental and social aspects in the value chain of the extractive life cycle from
finding and access to deposits to closure and rehabilitation, fwhilsing on the contribution

of streamlined permitting procedures to deliver on the climate ambition of the European Green
Deal.

The actions should develop and disseminate training materials, organize chp#éditg
workshops and seminars for competanthorities, industry and civil society in different
Member States in different regions the EU and at the EU level.
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All the data and information generated through these actions should be shared in open formats
on a free of charge basis with the Europ€ammission, for its own use and for publication.

RESILIENCE -11-2022: Developing digital platforms for the small scale extractive
industry (RIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enabhchieving the expected impacts of the destination by increasing
access to primary raw materials, in particular critical raw materials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Develop digital platformgapplications)addressing needs of smatiale operations, mining
clusters and SMEgo enable a transformative change in EU extractive industries ensuring
EU raw materials autonomy, while protecting and restoring biodiversity, boost our
resilience, fightlimate change and recover from the COMIBD crisis;

1 Contribute to digitisation of the extractive industry.

Scope Actions should develop digital platforms that integrate Earth Observation data, in situ
data and data modelling, to improve data managearmehtlecision making during the
extractive process. Proposals are encouraged to make use of, but not limited to, existing
European data infrastructures.

These digital platforms should scale up to the increased data volumes of the extractive activities,
incorporating assimilation techniques and interoperability best practices, automation,
systemization and integrated wbhsed services, and be brought into-qerational service
provision, going beyond the demonstration phase.

Actions should contribute tigitalize the extractive industries operations and, being INSPIRE
compliant, help data gathering at EU level for evaluating the performance and competiveness
of extractive industries.

These digital platforms should contribute to increase the dialogweede the extractive
industry and EU citizens, raising awareness about the impact of raw materials on the value
chains and society welleing and reinforcing the commitment of the industry to protect human
health and natural eexystems.

Building on past mjects, the actions should provide practical and easily applicable capacity
building and training materials for a better environmental management of active operations.
They should also include exchange of best practices and capacity building for thgeeffec
monitoring of extraction sites by competent authorities.
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RESILIENCE -12-2022: Technological solutions for tracking raw material flows in
complex supply chaingRIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Prgects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw and secondary raw materials, in particular critical raw materials for EU
industrial value chains and strategic sectors.

Projects are expected:t

1 Improve supply chain data transparency and traceability;

Setting up technological solutions for tracking raw material flows (material passports);
Identify and address gaps in due diligence;

Develop comparable criteria, reporting and audit approaches;

Contribute to sustainable sourcing of raw materials.

= =4 -8 -4

The action is expected to contribute with intelligence and foresight capability to the
implementation of the EU action plan on Critical raw materials (reference, to be adopted in
autumn 2020) and to sup future foresight work of the Commission related to raw materials

Actions areexpected to contribute to the implementation of the following actions of the EU
action plan on Critical raw materials (reference, to be adopted in autumn 2020):

1 Develop the EWaw materials intelligence, strategic planning and foresight capacity by
2022;

1 Map the potential supply of secondary raw materials from waste and stock in the EU
including its regions and help identify viable recovery project for funding by 2022.

Scope There is a need to improve supply chain data transparency and traceability, enabling
consumers and downstream producers to have information about the origins of metals in
finished products. Due diligence has numerous research gaps in this area whtohoeeed
addressed in order to limit complexity and enable a level playing field for responsible
sourcing of minerals.

This action should close those gaps by the setting up of technological solutions for tracking raw
material flows (material passports), lolilg upon comparable criteria, reporting and audit
approaches. Examples would include transparency in payments and traceability from beginning
to end of the supply chain, through a chain
technologyinae ort to i mprove supply chain transpa

The action should build on the experience of existing EU projects on international responsible
sourcing and contribute to strengthening responsible sourcing agenda.

It is foreseen that this willacilitate responsible sourcing in complex supply chains and put
companies downstream in the supply chain in

The proposal should build on the state of the art in sustainable raw materials traceability with
regard to sustainability certification schemes, standards and initiatives as well as block chain
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technology. The proposal should also build on the experience from earlier Horizon 2020
projects in the area of responsible sourcing of raw materials in gialo@&l chains. The proposal
should cover CRMs in at least 2 complex supply chains, including a batteries value chain.
Actions should develop technological solutions finishing at the level of Technology Readiness
Levels (TRL) 35.

The action should contnilbe to building the EU knowledge base of primary and secondary raw
materials by feeding into the EC Raw Materials Information SystBMIS. The action should

also contribute to improving the awareness of relevant external stakeholders and the general
public across the EU about the importance of raw materials for society and of the challenges
related to their sustainable supply.

RESILIENCE -13-2022: Sustainable and innovative mine of the futurdA)

Expected OutcomesProjects are expected to contributehe following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials, in particular critical raw materials for EU industrial value
chains and strategic sectors.

Projects arexpected to:

1 Develop sustainable and smart mining technologies for exploitation of EU mineral
resources;

1 Contribute to a more safe and environmentally friendly, resewand production
efficient sustainable mining;

1 Develop methods, technologies and ps3es aiming for digitisation and automation of
raw materials production;

1 Projects will target minerals and metals.

1 Actions are expected to contribute to the implementation of the following actions of the
EU action plan on Critical raw materials (referertodye adopted in autumn 2020):

1 Use Horizon Europe funding for research into mining processes with minimal impact
on the environment and |Heycle assessment;

1 Support waste and extractive waste valorisation and energy efficiency through cross
sectoral coperation and industrial symbiosis, involving the mining industry.

ScopeActions should contribute to developing big data technologies and Artificial Intelligence
methodologies addressing mining industry requirements to deliver on the climate ambition of
the European Green Deal. The challenge is to accelerate the innovation in the mining sector
necessary for the digital transformation. They shall aim to develop new, enabling, operational
solutions to improve capabilities and performance of the raw mateaials chain: from in situ
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mineral exploration and permitting procedures, to mineral extraction and processing including
recycling, as well as closure and post closure activities.

Actions should push the EU to the forefront of a safer, more sustainadblentelligent
extraction of mineral resources through the deployment of technologies such as remote
controlling, automation or autonomous processes with a particular focus on historic mine sites
and deep deposits. Actions should develop sustainabléosslihrough industrial and user
driven multidisciplinary consortia covering the relevant mining and processing value chains
and technologies.

Proposals can address individual elements of the raw materials value chain or the value chain
as a whole, and shtd provide quantitative measures of the progress beyond the state of the
art. Proposals are also required to seek end user involvement to drive the research with their
requirements and test the developed solutions, with a clear path to the exploitdteresiilts.

Actions should develop technological solutions finishing at the level of Technology Readiness
Levels (TRL) 68.

RESILIENCE -14-2022: Innovative solutions for efficient use and enhanced recovery of
mineral and metal by-products from processingof raw materials (1A)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials and secondary raw m@iaten particular critical raw materials
for EU industrial value chains and strategic sectors.

Projects are expected to:

1 Increase process selectivity, broader range and higher recovery rates of valuable raw
materials, particularly critical raw materials;

1 unlocking substantial reserves of new or currently unexploited/underexploited resources
within the EU;

1 Significantly increase economic performance in terms of higher matenater,
energy and costefficiency and flexibility in minerals processing,etallurgical or
recycling processes;

1 Improving significantly the health, safety and environmental performance of the
operations throughout the whole life cycle which is considered, including a reduction in
waste, wastewater and emissions generation dvettar recovery of resources from
generated waste.

The action is expected to contribute to the implementation of the following actions of the EU
action plan on Critical raw materials (reference, to be adopted in autumn 2020):

1 Support waste and extractiveaste valorisation and energy efficiency through cross
sectoral cooperation and industrial symbiosis, involving the mining industry;

1 Use Horizon Europe funding for research into mining processes with minimal impact
on the environment and |Heycle assessemt.
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Scope Actions should develop sustainable systemic solutions through industaiadlyuser
driven multidisciplinary consortia covering the relevant value chain offmeinnonfood raw
materials.

Actions should develop sustainable solutions finighan the level of Technology Readiness
Levels (TRL) 57.

Actions should develop energymaterial and costfficient new sustainable mineral
processing and/or metallurgical technologies and processes to increase the selectivity and the
recovery rates ofaluable byproduct§, particularly critical raw materialsThe importance of

the targeted raw material {products for the EU economy should be duly demonstrated in the
proposal. Recycling of enaf-life products is excluded from this topic.

Actions shoull also contribute to improving the awareness of relevant external stakeholders
and the general public across the EU about the importance of raw materials for society, the
challenges related to their supply within the EU and about proposed solutions aticthelp

to improve society's acceptance of and trust in sustainable raw materials production in the EU.

Actions should include a task to cluster with other projects financed under this topidgfand
possiblel with other relevant projects in the fieldnided by the EU.

RESILIENCE -15-2022: Earth observation technologies for the mining life cycle in
support of EU autonomy and transition to a climateneutral economy(RIA)

Expected OutcomesProjects are expected to contribute to the following outcomes:

Projects outcomes will enable achieving the expected impacts of the destination by increasing
access to primary raw materials, in particular critical raw materials for EU industrial value
chains and strategic sectors.

Projects are expected to:

1 Unlock thepotential of Earth Observation technologies, including Copernicus, through
the development of downstream products and services for the whole mining life cycle,

1 Strengthening EU autonomy on raw materials, while enabling a successful transition to
a climateneutral, circular and digitised EU economy.

The action is expected to contribute to the implementation of the following actions of the EU
action plan on Critical raw materials (reference, to be adopted in autumn 2020):

1 Deploy remote sensing and Eadhservation programmes for resource exploration,
operations and postosure environmental management.

Scope Actions should develop and innovate new methods to analyse Earth Observation data,
enabling systematic mineral exploration and continuous monitofiegtraction, closure and
post closure activities. These developments and innovations should be built upon Copernicus

8 The term "byproducts" should be interpreted here as the constituents usually accompanying the major
component(s) of a raw material at low concentrations.
9 EU list of critical raw materials 2020 add link when published
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satellite constellations, airborne and laltitude platforms, ground based remote sensing, also
including conventional in situ technigaiemethods and field work measurements.

Actions targeting mineral exploration should develop EO methods that exploit multispectral,
hyperspectral and in situ data permitting to systematically revise and updatagtireg maps

and datasets identifying wamineral deposits at various scales, from mining regions to specific
mining projects.

Actions targeting monitoring of extraction, closure and post closure activities should develop
EO methods that exploit radar, optical and in situ data to innovateqtsoaiod services: a)

early warning systems and platforms that reduce operation risks; b)sendor and muki
platform environmental monitoring systems that reduce the impacts on human health and
preserve ecosystems.

Additional Comments:

Foreseen outpstof this action could be, but not limited to, new methods to exploit EO data
permitting to generate the following results at various scales, from mining regions to specific
mining projects.

For mineral exploration:

1 improved maps of critical raw materials
1 improved maps of mining waste deposits
1 improved seabed mineral mapping by exploring the connection between sea shore and
coastal areas
For mining monitoring:

1 Ground instability maps
1 Mineral stockpile volume estimation
1 Acid mine drainage maps
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Section: Green and Sustainable Materials

[Expected impacts addressed#15 (Green), #6 (industrial leadership and autonomy0#
(Humancentred)

Objective: To contribute to a safe, climate neutral and reseeffi@ent industrial ecesystem

through the adoptionfoa sustainable by design materials approach that would connect
environmental and health safety aspects with secanomic impact considerations and this
through the material whole Ifeycle. It offer a unique opportunityts t r e ngt hen Eur
capacityto produce and use chemicals and materials in a sustainable way leading the transition
to safe and sustainabl e i nnovation gl obal
competitiveness.

Current status: Fastpaced techological progress necessitates the development and
availability of increasing numbers of new materials with enhanced functionalities for a range

of i ndustrial and consumer product s. l ndustr
approach towals the development of advanced materials (including nanomaterials), which in
several instances resulted in totally unforeseen consequences for the environment and/or
citizens6 health. I n parall el chemi céé and
globally by 2030, in particular outside Europe. Europe needs to strengthen its capacity to
produce and use chemicals in a sustainable and competitive way. This would not only help
Europe to overcome its reliance on imports of basic chemicals but @soltboost economic

and social recovery in the aftermath of the COMI®crisis.

Achievements sought / targets

Development sustainable by design materials that combine of new material systems with better
recyclability and based on a more general liféewassessment methodology to replace current
problematic materials (in the meditiermi 2 03 0) . Est abl i s hbpdesign of a
i ndustrial ecosystemo, devel opment of sustai
(in the longtermi 2050.

The following areas of materials technologies will be addressed:

1 Sustainable by design materials o pr omot e Europeds afforda
security of supply of essential chemicals and materials;

1 Safe materials with zero harmful emission®r release of irritant or toxic substances.
This area encompasses a broad field of applications and provide some perspective of
the scope of the proposed effort.

1 Smart materials to cover a very wide area of applications ranging from sensing,
automation andobotics to energy harvesting and health monitoring.

1 Advanced lightweightas well as joining technologies for dissimilar materials aiming
at optimisation of the energy efficiency of structures.
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Means/Links: A coordination actionto manage the knowledgew from the aforementioned
research areas, to act as a pilot for future
materials will also be necessary. A seriegmdbling and cross cutting actionsnderpinning

the work and deemed crucialrfthe rapid development, uptake and commercialisation of the
proposed technologies will be implemented, namely:

1 Integration of advanced materials modelling and characterization,
1 Industry data standardisation and testing methodologies (Industry Commdns) a

1 Implementation of Climate Neutral and Circular Innovative Materials Technologies
Open Innovation Test Beds (OITBSs)

Linking with Industrial Investment is essential for success. A strong role of SMEs is expected
here in the development of innovationgarticular for smart materials, lightweight materials
and recycling methodologieghis section will have strong links with other activities in Cluster

4 (Manufacturing Technologies).

The fASus-byadiensabginloi tayppr oach ad alpttesubseduentteo | s a
sections under cluster 4 AAdvanced materials
Industry partnership. In addition, as the number of applications is very wide, it is related to
activities in Clusters 1, 5 and] 6.

Propasals are invited against the following topic(s):

RESILIENCE -16-2021: Establishing EU wide safe and sustainabley-design materials
community to support embedding sustainability criteria over the life cycle of products
and processe$CSA)

Expected OutcomesDevelop a common understanding of the principles of sustaibgble
design when applied to materials, both products and processes. The challenge is to identify the
key dimensions that need to be integrated in a product sustainability performance agsessme
and enhance a systems approach based on Life Cycle Assessment (LCA) framework. The
transition to sustainabley-desigri®is a societal urgenéy: It is for example the prerequisite

develop alternative and safer (lower toxicity) plastics, surfactadtsnataibased systems, and

it is relevant for all types of materials. Projects are expected to support the uptake and utilization
of the sustainablby-design strategies by industry, especially SMEs, by contributing to the
following outcomes:

10 Sustainabléby-designconcept takes a systems approach by integrating safety, circularity and functionality of advanced
materials, products and processes throughout their lifecycle. This conceptdedimée as a prenarket approach that focuses

on providing a function (or service), while avoiding properties that may be harmfulnanhliealth or the environmefrom

a lifecycle perspective.

11 Chemicas Strategy for Sustainability [Add link, when pigiied]
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91 Criteria and guiding principles for sustainabl®/-design (i.e. integrating safety,
circularity and functionality of advanced materials, products and processes throughout
their lifecycle),in line with ongoing international work by OECD and UNEP.

1 A permanent structurf@rlongt er m oper ati on of establishe
of project end with the involvement of wider communities engaged, beyond consortium
members.

1 Broadly supported and periodically updated roadmaps based on state of the art
knowledge, identifid information gaps and their translation into specific R&D
guestions and governance needs.

1 Strengthen collaboration and information exchange between relevant actors along value
chains (developers, producers, downstream users) to promote the development and
implementation of sustainabl®/~-design approach.

Scope Establish an inclusive and salfistained international network of experts and
stakeholdersn the materials community to enable multidisciplinary design processes, map
skills mismatches and compete gaps, to enable transitimnvards an overarching framework

in which sustainability is the essential entry point into markets:

1 Perform landscape analyses of methodologies that focus on the de novo design, which
guides sustainable products and processdsoordinate with the projects from NMBP
16-2020 to fill in the gaps in the current understanding.

1 Develop working framework for creation of an expanded safety and sustainability
community, with agreement to create a common mechanism to engage, naoilise
bring together diverse stakeholders.

1 Map and address sustainabledesign skills mismatches and competence gaps, and
support the enhancing of adequate skills at all levelacluding in university
programmes, research, industry and among regulators

1 Coordinate other EMunded projects targeting Safand Sustainableby-Design
materials, in particulaRESILIENCE18-2021;RESILIENCE19-2021RESILIENCE
20-2021).

Resulting projects should establish cooperation mechanisms with relevant international
initiatives to align and leverage the extensive experience. Therefore, proposals should foresee
a dedicated work package for cooperation and earmark appropriate resources.

RESILIENCE -17-2021: Promote Europe's availability, affordability, sustainability and
security of supply of essential chemicals and materialgIA)

Expected Outcomes Europe needs to strengthen its capacity to produce materials and
chemicals in a sustainable and competitive way. Moreover, the recent crisis has shown the
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importance forEuropd s chemi c al and materi al i ndustry
quickly its production capacities to the changing supply néeds

Projects are expected to contribute to the following outcomes:

T

Foster global competitiveness of EU companies. Helping Europe to overcome its
reliance on imports of chemicals, in particular for essential products, while boosting
Europe's economic and social recovery in the aftermath of the CQ¥Iisis.

Deliver new modular production concepts for the chemical industry that would
significantly decrease process development time through the standardisation,
modularisation and application of novel process intensification technologies;

Produce highly efficient, flexibleand stanéhdlone production units that could be
shipped to places where the need would be the highest;

Enable decentralised production;

Improve flexibility in products customisation with a faster response to supply
chain/customer demands, creating opputies of new business models enabled by
digital technologies;

Achieve a significant impact on reducing production costs, design effortddimarket and
logistic efforts.

Scope Building on the experience gained from flexible production ttitsvould be possible

to equip base chemicals production containers with modular and standardised units capable to
facilitate a swift shift in the final production outcome. The focus on the proposals under this
topic should thus be the development of adlalet chemical plants with flexible outputs.

Research and innovation actions within this topic may include:

T
T

M

Improving flexibility and modularity of the equipment;

Adaptation of process analytical technologies for modular production, to support
process camol, automation, predictive maintenance and process coordination;

Smart equipment in intensified up and downstream processing;

Increasing safety of fully automatic operations and reducing occupational health related
risks;

Standardisation of modular proetion concepts, including international standards.

The proposals should start at TR{7&nd include demonstration activities at higher industrial
productionscald. n | i ne with the Unionb6s strategy f
innovation,international cooperation is encouraged.

12 Chemicals Strategy for Sustainabiliydd link, when published)]
B F3 Factory, Copiride and Synflow projects in FP7
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RESILIENCE -18-2021: Paving the way to a increased share of recycled plastics and
added value productgRIA)

Expected OutcomesCircularity and the increase of the content of recycled plastics in value

added prodcts are central to the European Strategy for Plastics.

Projects are expected to contribute to the following outcomes:

T

M

Establish EU broadly accepted procedures to control the consistent quality of
recyclates; characterise their suitability for specifigleations and trace the recyclates
back to their origin;

Deliver a clear approach to prevent some potentially hazardous substances to enter the
recycled plastics system;

At medium term, to fulfil the growing demand for recycled plastic content in market
products;

At a longer term, to pave the way toward recycldijalesign plastics.

Scope:To allow recycled plastics to be more promptly taken up as raw material for new
products there is a need for reliable and standardised procedures to characterise, trace back
origin and guarantee the safety of the recyclates. The proposals should focus on:

T

Developing standard, robust and easy to use sampling and analysis procedures to ensure
consistent recyclate quality and safe products. Develop methodologies to establish the
degree of degradation of recycled materials and to foresee theif-tfe]

Deweloping and standardising methods for traceability. Allow the identification of
origin of recycled materials via digital information management, e.g. marking
technologies or blockchain;

Detect and separate legacy additive in the waste stream, and safsurecycling of
plastics containing such additives;

Diffusing innovation,developing overarching best practieegsl build up communities
to stimulate demonstration.

Proposals should actively pursue the involvement of all the actors in the value chathdro
chemical and material industry, to formulators, recyclers, public authorities and standardisation

bodies.

RESILIENCE -19-2021: Safe and sustainable by design polymeric materigRIA)

Expected OutcomesThe way plastics are currently made, useddisdarded, fails to capture

the economic, environmental and societal benefits of a more sustainable approach. Europe
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produces 25 million tons of plastic waste annually, less than 30% is recycled. Moreover, plastic
production, use and disposal may resulthe release of chemicals which may give rise to
health and environmental problems. The development of a common understanding and the
transition to safeand sustainablby-design materials, including plastics, is a societal urgency.

Projects are expected contribute to the following outcomes:

1 Recyclableby-design polymers with inherent recyclability properties for polymers
where nowadays recyclability challenge is high;

1 Safer (lower toxicity) plastics, with less reliance on potentially harmful agditiv

1 Reduced environmental footprint associated with theaédide phase of the polymers
due to increased recyclability and /or reduced reliance on potentially harmful additives,
compared with existing products for similar applications;

1 Contribute to thelevelopment of safeand sustainablby-design criteria and guiding
principles* and apply them to plastics;

1 Identification of priorities for substitution of plastic additives;

1 New technologies and business opportunities for recycling industry across Europe

Scope:Thanks to their versatility, polymeric materials are used in a wide range of applications
from consumer goods and construction to aerospace. The proposals should focus on:

1 The design and development of new recychldyalesign polymer systems
subdituting/improving nowadays difficult to recycle polymers e.g. PVC, thermosets or
multicomponent (multilayer or blend) polymers;

1 The design and development of safer plastics with less reliance on potentially harmful
additives, e.g. plasticizers. Tlapproach should allow to decrease their health and
environmental impact and improve the purity of the secondary raw material and thus
the quality of recycled plastic without compromising the material optimal properties
and functionality;

1 Carrying out an imentory of additives detected in plastics and their function and
toxicity;

1 Integration of safeand sustainabiby-design aspects, includingafety (toxicity),
circularity and functionality of advanced polymeric materials, products and processes
throughoutheir lifecycle.

The proposals activities and approaches should cover both specific considerations for the
plastics under study, as well as developing overarching best practices that spans broader sectors
of safe and sustainabiby-design plastics. Propals should involve all the actors in the value

14 GREENINDUSTRY-15-2021: Establishing EU wide safe and sustaindlytelesign materials community to
support embedding sustainatyilcriteria over the life cycle of products and processes
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chain from the chemical and material industry, to formulators, recyclers and regulatas.
for research include the intersection between chemicals and waste legislation,

I n |ine with tforantefdationa cobperationt im r@dearoly ynd innovation,
international cooperation is encouraged.

RESILIENCE -20-2021: Costeffective ecefriendly coatings and engineered surfaces for
multi -industrial sector applications (RIA)

Expected OutcomesNew meté coating systems, free of toxic substances (e.g. hexavalent
Chromium), HREEs (heavy rare earth elements), LREES (light rare earth elements), and PGMs
(platinum group metals). A major challenge is the accumulation of metallic materials over the
long term n the environment where they tend to have adverse reactions with the ecosystem. On
the other hand, the coatings are needed for preservation of the products to prevent for instance
corrosion and (bio)fouling. To ensure safety and sustainability of new coettthgs a systems
approach that integrates safety, circularity and functionality of advanced materials throughout
their lifecycle is required. Projects are expected to contribute to the following outcomes:

1 Atleast 2 novel materials with improved (otedst comparable) efficiency as compared
to traditional materials, associated with a reduction in metal (CRM) usage of at least
15%.

1 Materials modelling, assisted by machine learning and artificial intelligence methods,
integrated with safeand sustaindb-by-design models.

1 Integration of ecalesign and circularity concepts in the design of new metal coatings
and provide recommendations for the @idife of the new material. This should
include integration of REACH requirements in the -€esign develoment and pre
validation of indicators as well as tests to demonstrate the improved sustainability and
reduced toxicity.

1 Innovative strategies for improving recovery, recyclability, purification andsee
products at the end of life. This could include ¢valuation of their reusability in other
application areas other than initial intended use, requiring lower purity inputs.

1 An online or/and standalone decision support tool to guide industry (especially SME)
for the implementation of safand sustainablby-design approaches tailored to their
needs.

1 Integration into the standardisation process and development of a roadmap to achieve
full standardisation (of e.g. methods, protocols).

Scope:Metal coatings are applied, to enhance performance characgrgich as corrosion
resistance, colour, attractive appearance, wear resistance, optical properties, electrical
resistance, or thermal protection. Applications range from building & construction and
consumer goods to catalytic materials, metal organmodveorks (MOFs) and fuel cells and
proposals covering all above areas will be welcorhe.optimisation of functionality including
sustainability and safety considerations and all aspects on resource utilisation across the
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materials life cycle is essenti&uch materials with desired properties should be designed with
the assistance af silico techniques.

Proposals are expected to bring the core technology from TRu®to TRL 5 at the end of
the project.

Leveraging the extensive experience from rafgvinitiatives and aligning with other EU
funded projects targeting Safand Sustainableby-Design materials, in particular CSA
(RESILIENCE15-2021) is essential.

The proposals activities and approaches should cover both specific considerations&iathe
coatingsunder study, as well as developing overarching best practices that spans broader sectors
of safe and sustainablby-design materials. Proposals shoulblve all the actors in the value

chain.

I n I'ine with the Uniondés strategy for inter
international cooperation is encouraged.

RESILIENCE -21-2021: New, sustainable and safe by design organic coating§sA)

Expected Outcomes Development of organic coatings, saf@nd sustainablby-design
production strategies with enhanced functionality. This includes organic coatings and additives
to substitute PFAS type coatings. Due to significant technical and fciaftallenges in
several areas it has been difficult to find safer alternatives with the absence of hazardous
additives. In the past, this has led to substance substitution with compounds that did not avoid
the problem, but minimized it. Instead, a betipproach is to cover the whole lifecycle of
products and include avoidance of hazardous substances and the programming
sustainability along the product life cycle. Projects are expected to contribute to the following
outcomes:

A set of computationabols (including firstprinciplesbased, datariven, physics based and
hazard, transport and fate models) to be used for supportinga®af&ustainabldy Design
of materials (e.g. organic coatings and additives to replace PFAS).

1 At least 2 novelmaterials (including bikbased ones) assessed in terms of their
performance (function), human and environmental hazardsp@nts determined
based on the application areas) as well as their carbon and water footprints, recovery
and recyclability, and ovell environmental impact (LCA). Reaching at least 25%
reduction in environmental impacts with <20% cost increase for production.

1 Contribute to the development of Sa#éad Sustainablby-Design criteria and guiding
principles and apply them to organic tings.

1 Enhance the social acceptance of the new developed materials by evidence basis
compiled for consumer attitudes towards, and willingness to pay for, products that are
less harmful to the environment, are sustainable, low carbon etc.
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1 Certification ppgramme (or equivalents) for sustainable containing products, along the
whole valuechain.

1 Integration into standardisation process and development of a roadmap to achieve full
standardisation (of e.g. methods, protocols).

Scope:The largest share of therganic coatings market belongs to a family containing
Polyfluorinated Alkyl substances (PFAS), used in a wide variety of consumer and industrial
products. Research will therefore target development of innovative -REASnaterials with
inherently surfae active functions to be used for muttdustrial sector applications. (e.g. novel
bio-based materials). The proposals should focus on integration of sustdiga@sign
aspects including safety (toxicity), circularity and functionality of advancedncpataterials,
throughout their lifecycle.Projects should include one or more of the following aspects:

1 Materials design supported by in silico methods for predicting hazards (toxicity) and
fate to reduce additive exposure/leaching to humans and theremeint.

1 Development of alternatives maintaining functionality as well as reducing hazard and/or
exposure (persistence) profiles with the aid of nanoinformatics modelling in order to
reduce animal and experimental testing.

1 Development of assays and apmbes to demonstrate the reduction of hazard and/or
exposure profiles of the new (alternative) advanced materials in a streamlined and robust
manner to support route to market.

Proposals are expected to bring the core technology from TRu®to TRL 5 athe end of
the project.

Leveraging the extensive experience from relevant initiatives and aligning with other EU
funded projects targeting Safand Sustainableby-Design materials, in particular CSA
(RESILIENCE15-2021) is essential

The proposals actittes and approaches should cover both specific considerations for the
organic coatings under study, as well as developing overarching best practices that spans
broader sectors of safand sustainablby-design materials. Proposals should involve all the
actors in the value chain.

I n I'ine with the Uniondés strategy for inter
international cooperation is encouraged.

RESILIENCE -22-2022: Safe and sustainable manufacturing afewly developed
nanomaterials (A)

Expected Outcomes Sustainable manufacturing processes fall scale industrial
implementation that successfully reduce the environmental, health and safety risks, while
retaining the functional performance and economic viability of newly developed naniateate
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Adopting safe and sustainabiby design strategiéswhen applied as early as possible along
the industrial innovation proceswill therefore ensure coherence between industrial,
environmental, climate and energy policy goals and the prioatiesig from the EU Action
Plan for the Circular Econon§and The European Green D¥alProjects are expected to
contribute to the following outcomes:

- Support European advanced nanomaterial sector (SMEs and large industries) in the
selection and applicatioof simple, robust and cesffective sustainable manufacturing
processes by enabling riblenefit analysis to ensure that nanomaterials are safe without
compromising their technical and/or commercial probability of success.

- Provide best practices for nating the environmental, health and safety risks during
manufacturing processes of advanced nanomaterials.

- Develop harmonized standardized test methods that can be used in a regulatory
framework including test hazard assessment, biodegradability andnabgii for
advanced nanomaterials.

- Enhance the social acceptance of the new developed materials by achieving a significant
impact on reducing production costs, thus increasing affordability.

Scope:

- Develop tools and methods for nanomaterials industry to enhance efficiency and
contributing to less waste and emissions while improving process quality in line with
Life Cycle Assessment framework.

- Proposals should have a holistic approach, covering tiiee elife cycle of the
nanomaterial, with special focus on design and manufacturing stages. Proposals should
include use cases demonstrating interoperability of data across the life cycle stages,
cooperation with EU funded projects under Industry Commams$ other similar
initiatives for interoperability and data documentation should be addressed.

- Sociceconomic impacts related to the proposed manufacturing processes should be
covered, as well as solutions to promote the public acceptance for suchlmateria

- Regulatory compliance of the new developed nanomaterials should be included, as well
as link with regulatory frameworks and legislative initiatives (e.g. the Malta Initiative).

- Proposals should demonstrate connectivity with H2020 nanosafety projects.

- Proposals are expected to bring the core technology from TRL 4 up to /Rt éhe
end of the project.

I n I'ine with the Uniondés strategy for inter
international cooperation is encouraged.

15 Sustainabléoy-design concept takes a systems approach by integrating safety, circularity and functionality of advanced
materials, products and processes throughout their lifecycle. This concept can be definedraslepepproach that focuses

on provding a function (or service), while avoiding properties that may be harmful to human health or the environment. from
a lifecycle perspective.

16 hitps://eutlex.europa.eu/legatontent/ EN/TXT/?uri=CELEX:52015DC0614&locale=en

17 https://ec.europa.eu/info/publications/communicatomopeargreendeal_en
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